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Seismicity and Related Data for Hazard Analysis
9950-02145

S. T. Algermissen
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225

~Investigations

1. Work continues on review of the entire U.S. earthquake catalogue for
larger events (I>V) and revision and (or) preparation of isoseismal maps.
Work on this project has been coordinated with and supported a project in
the Branch of Global Seismology aimed at the preparation of seismicity maps.
for all 50 states.

2. Attention has been focused on a careful investigation of the distri-
bution of intensity for larger earthquakes of the United States (I >VI)
with the aim of: (a) developing attenuation relations for each area; and
(b) identifying areas of anomalously high or low intensity attenuation.

3. A field investigation of the effects of the northern Kentucky earth-
quake of July 27, 1980 was undertaken and an open-file report is currently
in preparation.

Results

1. 1In cooperation with Project 9920-01222 in the Branch of Global Seismology,
five additional state seismicity maps have been issued as MF maps (Wisconsin,
Michigan, North Carolina, South Carolina, West Virginia).

Technical review of a USGS open-file report "An Evaluation of the Effects
of the January 5, 1843, Memphis, Tennessee Earthquake'" is complete and
awaits Director's approval.

2. Currently, isoseismal maps for large earthquakes in the Western United
States are being digitized for analysis.

3. A field investigation of the northern Kentucky earthquake of July 27,
1980.

Reports

Hopper, M. G., and Algermissen, S. T., 1980, An evaluation of the effects
of the October 31, 1895, Charleston, Missouri earthquake: USGS Open-
file Report 80-778.

Hopper, M. G., 1980, Potential for liquefaction, slumping and landsliding
in the Puget Sound, Washington area, USGS Open-file Report 80-
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Stover, C., Reagor, G., and Algermissen, S. T., 1980, Seismicity maps
the State of Michigan, U.S. Geological Survey, MG-1228.

Stover, C., Reagor, G., and Algermissen, S. T., 1980, Seismicity maps
the State of North Carolina, U.S. Geological Survey, MF-1224.

Stover, C., Reagor, G., and Algermissen, S. T., 1980, Seismicity maps
the State of South Carolina, U.S. Geological Survey, MF-1225.

Stover, C., Reagor, G., and Algermissen, S. T., 1980, Seismicity maps
the State of West Virginia, U.S. Geological Survey, MF-1226.

Stover, C., Reagor, G., and Algermissen, S. T., 1980, Seismicity maps
the State of Wisconsin, U.S. Geological Survey, MF-1229.
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Southern California Seismic Arrays
Contract No. 14-08-0001-16719

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (213-795-6811)

This semi-annual report summary covers the six-month period from 1 April
1980 to 30 September 1980. The contract’s purpose is the partial support of
the seismological arrays of the joint USGS-Caltech SCARLET (Southern
California Array for Research on Local Earthquakes and Teleseisms), which is
also supported by other groups, as well as by direct USGS funding through its
own employees at Caltech. According to the contract, the primary visible
product will be a joint USGS-Caltech catalog of earthquakes in the Southern
California region, to be issued on a yearly basis, although quarterly
epicenter maps and preliminary catalogs are also required. Figure 1 shows the
epicenters of all shocks of M = 3.0 and greater that occurred during the
reporting period, in addition to a number of smaller events in some parts of
the region. Complete data analysis is still underway.

Some of the seismic highlights in the southern California-region during
the six-month reporting period are as follows:

Estimated total number of earthquakes to be located: 8,000
Number of earthquakes of M = 3.0 and greater: 950 (89 non-Mammoth)
Number of earthquakes of M = 4.0 and greater: 102 (8 non-Mammoth)
Number of earthquakes of M = 5.0 and greater: 13 (1 non-Mammoth)
Number of earthaquakes of M = 6.0 and greater: 4 (1 non-Mammoth)
Number of earthquakes for which systematic telephone notifications made: 21
Largest earthquake: m = 6.5 (5-25-80, near Mammoth)
Smallest earthquake revorted felt: 1.9 (5-4-80, near corner of
Huntington Drive and Main Street, Alhambra)

Certainly the major seismic event during the reporting period was the
earthquake swarm near Mammoth, punctuated by 3 shocks of magnitude 6.0 and
greater, and continuing to the time of writing. Earlier high seismic activity
in the same area was noted in the previous 6-month report. These shocks
occurred over a relatively wide area along the southern side of Long Valley
(Fig. 1), and detailed studies using portable instruments clearly indicate
that they did not all occur along a single fault. Although minor surface
displacement was discovered by field crews from Caltech and other
organizations along the Hilton Creek fault, much of the activity took place
farther west -- closer to Convict and Laurel Lakes. Caltech field crews took
three portable seismographs into the area immediately following the largest
shock, as well as helping the USGS and other groups with the deployment of
their instruments. Final epicentral locations will depend on data gathered by
the USGS-Caltech, Berkeley, and Nevada networks, together with data added by
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the California Division of Mines and Geology.

The fourth damaging earthquake during the reporting period was a M = 6.1
shock on 6-9-80 near Victoria, Raja Califonia, Mexico. Although the epicenter
was almost directly on the trace of the Cerro Prieto fault, field studies by
Kerry Sieh of Caltech, working together with Mexican geologists, surprisingly
failed to reveal any evidence of surface displacements along the fault.

The one other area of high activity during the reporting period was in
the Huntoon Valley area along the California-Nevada border east Mono Lake.
This swarm activity is continuing vigorously at the time of this writing, the
largest shock to date having been a M = 5.7 event on 9-7-80. Although closely
related in time and general geological environment to the nearby Mammoth
events, the Huntoon Valley swarm is geographically distinct (Fig. 1). This
area is, of course, on the very edge of our network, and better locationmns
should be forthcoming from the Nevada network.

The past year has clearly been a period of remarkably high seismicity in
the southern California region. Whereas an earthquake of M = 6.0 or greater
has occurred on the average of once every 2-1/2 years over the past 50 years,
5 such events have occurred within the past year alone -- 4 of these during
the present 6-month reporting period.

No new stations were added to the array during the reporting period,
although one CIT station (CAMP ELLIOTT) was permanently lost due to continuing
vandalism; a new site is now being developed. On the other hand, a number of
new signals from stations of other networks were added to the CEDAR recording
system during the period, primarily to aid in locating earthquakes near the
northern boundary of our network area. These stations include PRIEST,
JAMESTOWN, and FRIANT (all from Berkeley), OROVILLE (from the Calif. DWR),
BOUNDARY PEAK (from Nevada), and NASA MOUNTAIN, MONTEZUMA PEAK. GOLD
MOUNTAIN, LAST CHANCE RANGE, MAGRUDER MOUNTAIN, SILVER PEAK, and PIPER
MOUNTAIN (all from the USGS Nevada network).
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ML < 3.0
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% ML > 6.C ' x

FPigure l.--Epicenters of earthquakes in the southern California region,

1 April 1980 to 30 September 1980. Data should be complete for M = 3.0
and larger events.
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Earthquake Hazard and Prediction
in Northwest Mexico and California/Mexico Border

CONTRACT #14-08-0001-18216

by
James N. Brune and Michael S. Reichle
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, California 92093

(714) 452-2890
(714) 452-2031

I. Northern Baja Seismic Array (RESNOR)

Winter rains and an extended delay in some equipment deliveries
have prevented installation of the telemetering seismic array. A key
radio 1ink is yet to be delivered. Sites have been chosen, bases are
being prepared and stations can be installed as soon as roads are
repaired and all equipment is delivered,

II. Studies of Historical Seismicity

The relocation of historic Northern Baja California earthquakes
M 2 6,0, has been completed., S-P times from Southern California and
Tucson were used to relocate the twelve events, which occurred since 1927,
Six of the original Caltech locations were substantiated. For the

remaining six, sufficient data exists to warrant moving the epicenters
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from 10 to 90 km. Three of these now 1ie most probably on the San
Miguel Fault. These include the two events from the 1954 sequence
previously located on the Agua Blanca Fault. These studies will be
continued to lower magnitude and to estimate rupture lengths of the
larger events so that seismic gaps can be identified.

IIT1. The Mexicali Earthquake of 15 Oct 1979.

Digital and smoked-paper drum recorders were installed in the

- aftershock region of the 15 Oct 1979 Mexicali earthquake within six

hours of the main event. First stations were set up south of the border,
along the Imperial Fault, to insure epicentral control for aftershocks
occurring there. Recording continued for approximately one month,

CICESE is handling most of the data processing, concentrating first on
those events which occurred in Mexico. ‘ |

IV. Laguna Salada Earthquake Swarm

The Laguna Salada earthquake swarm occurred during late 1975
and through the first half of 1976, Over 100 events for which local
Mexican data is available have been relocated. The epicenters suggest
a diffuse zone trending north toward the 1934 (ML = 6,5) epicenter.
Fault plane solutions from Southern California data suggest both strike-
slip and normal faulting events occurred. Surface waves of the larger
events are being examined to check those mechanisms.

The Laguna Salada region has been interpreted as a graben,
based on aeromagnetic and gravity data. The seismicity data suggests
that it is still actively spreading, with earthquake sequences much
like those which occur in the nearby Imperial Valley. The regional
historic seismicity will be examined to determine the relative levels of

seismicity in the two regions. This would have some bearing on the
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seismic hazards along the Elsinore Fault system, the extension to the
northwest of the Laguna Salada eastern boundary.

V. Continuation of Research

Research under this coqtract will continue under USGS
Contract 14-08-0001-19163, We hope to have the array installed this
summer. In the meantime, we will continue operation of the portable
‘ stations and will continue studies of the historic seismicity and

current larger earthquakes.
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Reanalysis of Instrumentally-Recorded U.S. Earthquakes
9920-01901

J. W. Dewey
Branch of Global Seismology
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, CO 80225
(303) 234-4041

Investigations

1. Relocate instrumentally-recorded U.S. earthquakes using the method

of joint hypocenter determination (JHD) or the master event method,

using subsidiary phases (Pg, S, Lg) in addition to first-arriving P-waves,
using regional travel-time tables, and expressing the uncertainty of the
computed hypocenter in terms of confidence ellipsoids on the hypocentral
coordinates.

2. Evaluate the implications of the revised epicenters on regional tectonics
and seismic risk.

Result;

These results cover the researches of J. Dewey and D. Gordon on U.S. seismicity
east of 1050W.

(1) We have compared our reviewed hypocenters with results from regional
microearthquake networks that were installed in the 1970's in eastern
North America. In some regions, such as the regions near Attica,

New York, Giles County, Virginia, and Charleston, South Carolina, our
hypocenters of pre-network earthquakes occur at or very near the same
locations as small shocks recorded by the microearthquake networks. 1In
the region of La Malbaie, Quebec, our locations support Stevens' (1980,
Bull. Seism. Soc. Am.) result that the largest instrumentally recorded
earthquakes have occurred near one end of the microearthquake zone de-
fined by a local network. In much of New England and northeast

New York there is not a strong correlation between pre-network hypocenters
and recent network-recorded hypocenters. For example, the epicentral
regions of the New York earthquake of 1931.04.20, the New Hampshire
earthquake of 1940.12.20 and 1940.12.24 and the Maine-Quebec-New Hampshire
earthquake of 1973.06.15 have not yet been distinguished by clusters of
intense activity on maps of epicenters located by the regional networks.

(2) Although individual focal depths are not precisely determined, the
focal depths of seventy percent of the most reliably determined of
the recomputed hypocenters lie in the upper 10 kilometers of the
Earth's crust, suggesting that the typical small regionally recorded
earthquake in eastern North America has a very shallow focal depth.
We view this observation as support for the suggestion of Sbar
and Sykes (1977, Jour. Geophys. Res.) that occurrence of shocks



(3)

(4)
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deeper than 10 kilometers in eastern North America is somewhat
unusual and may indicate the presence of deep fractures capable
of producing large earthquakes.

In some regions (La Malbaie, Quebec; Blue Mountain Lake, New York;
Attica, New York; Anna, Ohio; Giles County, Virginia; Charleston,
South Carolina) regionally recorded earthquakes clustered in source
zones of tens of kilometers or less in extent that were active

for periods longer than a year. On the other hand, 46 percent of
all studied earthquakes did not occur in such persistent source
zones but occurred as essentially isolated events, having been
farther than 20 kilometers from any other regionally recorded

event in the period from 1925 through 1976.

Preliminary JHD-computer runs have been completed for approximately
150 instrumentally-recorded earthquakes in the central United States
(85°W to 105°W).

ngorts

Herrmann, R. B., Dewey, J. W., Park, S-K, 1980, the Dulce, New Mexico

earthquake of January 23, 1966, Bull. Seism. Soc. Am. (in press).

Dewey, J. W., and Gordon, D. W., 1980 (abstract), Instrumental seismicity

of the eastern United States and adjacent Canada, approved by the
Director for presentation at the meeting of the Eastern Section

of the Seismological Society of America, University Park, PA,
October 28-30, 1980.

10
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STRONG GROUND MOTIONS IN TWO SEISMIC GAPS:

SHUMAGIN ISLANDS, ALASKA AND NORTHERN LESSER ANTILLES, CARIBBEAN

Klaus H. Jacob and William R. McCann

Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964

The objectives of this project are the instrumentation of two major
seismic gaps with a sufficient minimum number of seismic strong-motion
accelerographs to obtain good strong-motion coverage from future great
earthquakes in these gaps and from any incidental moderate to large earth-
quakes nearby. To date a total of ten strong motion recording sites are
operated by Lamont-Doherty Geological Observatory in the Shumagin Gap
region of the eastern Aleutian arc, Alaska; of these, six sites were newly
established in 1980. Tigger signals from five remote sites in the Shumagin
gap are interfaced with the Shumagin seismic network and centrally
recorded at Sand Point for accurate determination of accelerograph trigger
times. A magnitude 5.3 earthquake near Nagai Island occurred in late
August 1980, only three weeks after installation of the new Shumagin
Islands strong motion accelerographs. The central trigger monitor at Sand
Point indicate that strong motion instruments at apparently four sites
were triggered by this event. Retrieval of the strong motion records from
these remote sites is not feasible until the field season in summer 198l.

Only three preexisting strong-motion instruments are presently
operated in the Caribbean. Additional strong-motion sites, all of which
will be interfaced with the L-DGO-operated Caribbean seismic network (for
transmission of trigger signals) will be established early in 1981.

11
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PROJECT TITLE: A Study of Earthquake Prediction and the
Tectonics of the Northeastern Caribbean:
A Continuing Experiment in Two Major
Seismic Gaps

CONTRACT NUMBER: USGS-14-08-0001-16748
PRINCIPAL INVESTIGATORS: A.L. Kafka, W.R. McCann, L.R. Sykes
INSTITUTION: The Trustees of Columbia University in the

City of New York

TELEPHONE NUMBER: 914-359-2900

Status of the Seismic Network

The network continues in good working order. The Digital Event
Recording System is operational and running well.

Significant Observations from On-Going Research

Focal mechanisms in the northeastern portion of the Caribbean plate
can be explained easily in terms of plate tectonics. Low-angle thrust
events indicate convergence between the North American and Caribbean
plates in a N70E direction. Normal faulting events occur both seaward of
the trench and within the Caribbean plate itself. Analysis of one shallow
(h = 15 km) and one deeper ,(h = 50 km) in the region north of the Virgin
Islands is underway.

The clustered pattern of seismicity for the last 25 years appears to
be related to the subduction of a fracture zone with more than 1 km of
relief. Magnetic, morphologic and seismic data all indicate major dis-—
ruption of regional tectonic features where this ridge interacts with the
subduction process. A catalog of precisely located events of > 3.0 will
help to underscore the significance of the data collected using other
geophysical means.

A first approximation of the structure of the subducted North
American plate has been obtained. To determine the relationship between
the upper envelope of the seismicity and the upper surface of the subducted
plate a detailed analysis of shocks in 1979 is underway. This study will
attempt to determine composite focal mechanisms and explain the presence
of secondary arrivals as converted phases.

Digital seismograms are being used to study source parameters of
earthquakes and the attenuation of seismic radiation. Static stress drops
of shocks occurring in the Virgin Islands basin varied by an order of
magnitude (from 0.2 to 2 bars) although the events all occurred within
1 km of each other; stress drops increased systematically with the seismic
moments. Q for P-waves is estimated to be 390 + 30 and for S-waves
670 + 70.

12
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A Field Study of Earthquake Prediction Methods
in the Central Aleutian Islands

14-08-0001-16716

C. Kisslinger
S. Billington

Cooperative Institute for Research in Environmental Sciences
Box 449
University of Colorado
Boulder, CO 80309
(303) 492-8028

Investigations and Results

Detailed monitoring of the seismicity within the seismic zone covered by
the Adak network continues to be the main routine task under this project.
Standard procedures are now developed for rapid location of all detectable
local earthquakes, the level of detectability depending primarily on the
weather conditions. Various analyses show that the catalogue of Adak
earthquakes compiled since August, 1974 is complete down to coda-duration
magnitude of 2.2. The association of the spatial distribution of the small
to moderate earthquakes with the tectonic features of the island-arc -
subduction zone system is now reasonably well-defined, but the question
remains of the interrelation of the small active seismic source regions
during a large event.

Temporal variations in the patterns of occurrence of small earthquakes and
premonitory changes in the orientation of their focal mechanisms appear to
be the most promising indicators of the approach of a larger event. In
order to monitor the former, monthly maps of the seismicity and plots of
the cumulative number of earthquakes in each sub-region are now being
prepared as standard products of the analysis procedure. The earthquake
counts are also displayed for various magnitude bands, because changes
within limited ranges of magnitude, equivalent to changes in "b-value,"
have been seen to be diagnostic of an impending earthquake in some other
studies.

Two independent approaches to determining focal mechanisms of the small
earthquakes, in spite of the limitations imposed by the inadequate
azimuthal coverage of the observations imposed by the geography of the
region, have been developed and applied. One of these compares the
observed first motion polarities with all of the mathematically possible
combinations that could be produced by the 13 stations of the network
and objectively classifies the set (usually containing fewer than 13
observations) for each earthquake. The results to date have produced

13
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mechanism types that are physically, as well as mathematically, possible
and show changes in time of the predominant orientation of the fault
planes, even though reliable focal mechanism solutions cannot be derived
from the observations. The other method uses the distribution of SV to

P wave amplitude ratios at stations of the network as input to a procedure
for solving fault strike, dip and slip direction. This technique shows
promise of providing more focal mechanism solutions from the data, now
that digital seismograms are available for amplitude analysis.

Observations of gravity have now been made twice at all of the seismograph
station locations, as well as at a net of points on Adak Island. These

are spaced one year apart, tied to the annual major maintenance trip, and
will be repeated in the future. More-frequently spaced observations are
very desirable for detecting secular elevation changes, but are not feasible
under the current mode of operation.

The tiltmeters in the Adak network are working well, with their stability
improved by better installations. Recent results show slow tilt changes
on two adjacent instruments that track very well over many months. The
possible tectonic significance of these tilts is not yet known.

Technical Advances

Slow but steady progress has been made toward the conversion of the seismo-
gram analysis to a fully automatic system using digital data and the PDP
11/70 computer. Analogue FM tapes from Adak are played back at four times
the original recording speed through a system designed and built by the
project, events are automatically detected and a digital seismogram tape
written for use in further analysis. This first part of the procedure

is carried out on the PDP 11/34. The digital tapes are then used as input
to the PDP 11/70. Events detected are displayed and non-earthquakes are
discarded. Using software developed at the University of Washington, the
operator can then read the times of arrival of phases from CRT display and
a location for the event is rapidly calculated. This entire analysis
capability came on-line only at the end of the contract period.

The principal remaining problem is with the use of the event detecting
algorithm. Work is in progress to insure that all readable events are
picked for storage on the digital event tapes, with the number of non-
seismic triggers reduced to a minimum.

Reports

Kisslinger, C., The application of body-wave amplitude ratios from local
network seismograms to prediction studies, presented at the Ewing
Symposium on Earthquake Prediction, New Paltz, New York, 1980.

Billington, S., and E.R. Engdahl, Changes in the seismicity and focal
mechanism of small earthquakes prior to an Mg 6.7 earthquake in
the central Aleutians, (abstr.) E®S, 61, 293, 1980.

14
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Kisslinger, C., Evaluation of S to P amplitude ratios for determining
focal mechanisms from regional network observations, Bull. Seism.
Soc. Amer., 70, 999-1014, 1980.

Kisslinger, C., and K.-P. Bonjer, Wann, Wo und wie stark? Probleme und
Moglichkeiten der Erdbebenvorhersage, Umschau in Wissenschaft und
Technik, 80, 425-431, 1980.

garrison, J.C., J.M. DeMay, and C. Meertens, Tiltmeter results from Adak,
in Proceedings of the Int. Wrkshp. on Monitoring Crustal Dynamics in
Earthquake Zones (A. Vogel, editor), Friedr. Vieweg & Sohn, Braun-
schweig, 1980.

Billington, S., E.R. Engdahl, and S. Price, Changes in the seismicity and
focal mechanism of small earthquakes prior to an Mg 6.7 earthquake
in the central Aleutian island arc, submitted to the Fourth Ewing
volume, 1980.
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Microearthquake Data Analysis
9930-01173

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-T77
Menlo Park, California 94025
(415) 323-8111, ext. 2630

Investigations

1. The primary focus of this project is the development of state-of-
the-art computation methods for analysis of data from microearthquake
networks.

2. The principal effort during the past six months has been devoted to
a) completing the review paper "Principles and applications of
microearthquake networks" by W. H. K. Lee and S. W. Stewart, and b)
organizing a workshop on the Coyote Lake earthquake of August 6, 1979.

Results

1. The review paper "Principles and applications of microearthquake
networks" by Lee and Stewart was completed (450 manuscript pages). It
will appear in the Advances in Geophysics Series, published by the
Academic Press, New York, in 1981.

2. In July, some 70 scientists from 16 U.S. and foreign institutions
participated in a one-month-long workshop on the Coyote Lake earthquake.
An integrated seismic study, headed by K. Aki of M.I.T., is underway to
systematically investigate the Coyote Lake earthquake sequence. A
detailed survey of the crustal structure beneath Coyote Lake area has
been planned (headed by Walter Mooney of USGS), and a short explosion
profile across the Gilroy-Hollister valley has been made. In addition to
these two multiperson investigations, several other individual studies on
various aspects of the Coyote Lake earthquake are underway.
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Seismic Data Library of WWSSN Seismograms
9930-01501

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-77
Menlo Park, California 94025
(415) 323-8111, ext. 2630

This is a nonresearch project, and its main objective is to keep the
WWSSN seismograms up to date and properly filed. Everything is now
up to date.
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Earthquake and Seismicity Research
Using SCARLET and CEDAR

Contract No. 14-08-0001-18331

J. Bernard Minster
Seismological Laboratory, 252-21
California Institute of Technology
Pasadena, California 91125

Karen McNally
Seismological Laboratory
California Institute of Technology
Pasadena, California 91125

Research along four main lines of investigation was accomplished
during this contract period. These are 1) a study of applicability of
the UC diagram analysis technique to Lg waves, 2) an application to Lg
recorded on SCARLET through CEDAR, 3) a theoretical analysis of
dispersion and attenuation due to multiple scattering, and 4) an
analysis of P, velocity anisotropy in Southern California.

1. Rayleigh-type Lg propagating in a laterally homogeneous
continental crust can be synthesized by adding only a few overtones at
periods greater than 2 seconds. We have shown that wave number analysis
of Lg recorded on a several hundred kilometers long linear array of 10
stations should allow us to isolate the different overtones, providing a
tool to study both crustal structure and excitation of the overtones at
the source. As an example, we have applied a stacking algorithm
(UC-diagram technique) to two sets of synthetic Lg computed (1) for a
simple one layer continental crust, and (2) for a realistic crustal
model of southern California.

2. The UC diagram technique described in 1. was applied to Lg
phases recorded through the CEDAR system in Southern California. A
clear image of the signal is obtained in time-frequency-wavenumber
space, and we discuss in particular observations at 2.5 sec period, for
events 200-300 km outside the profiles. The corresponding phase
velocity dispersion curves are compared on Figure 1 with theoretical
curves from the crustal model of Hadley and Kanamori (1979). From the
gross features of UC diagrams we conclude that a representation of Lg as
a single coherent multimode wavetrain propagating across southern
Califonia is oversimplified. For example, peaks observed at group
velocities smaller than 3.2 km/sec are not predicted by realistic
crustal models of the area, and are probably due to lateral
heterogeneities. On the other hand, for group velocities between 3.2
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and 3.6 km/sec, observed peaks can generally be interpreted in terms of
overtones excited at the source and propagating through a spatially
averaged structure, although care must be taken to monitor the stability
of the algorithm on actual short period records. A numerical experiment
with synthetic Lg signals, involving random as well as coherent phase
fluctuations along a typical profile shows that the technique yields
stable estimates of spatially averaged phase velocities when 1) random
phase perturbations are spread over 1less than half a cycle, and 2)
coherent phase velocity changes over half of the profile are 1less than
5% at 2.5 sec period. The degree of stability of our observations shows
that these conditions are nearly, if not clearly satisfied in this
study.

3. The propagation of elastic waves in a medium containing many
inclusions 1is considered. Under the assumption that the spatial
distribution of inclusions is uniform, a general equation is derived for
the determination of velocity dispersion and attenuation coefficient of
the effective waves. A simple example is presented where scatterers are
infinitesimally thin cracks. The calculated results show that the
attenuation coefficient Q'1 takes a peak value for the wavelength nearly
equal to twice the crack length.

4. We isolated a 22 station, 150 km aperture subarray of the
SCARLET network to investigate the apparent velocity of P, as a function
of azimuth near the central Transverse Ranges, southern California. We
analzed signals from 78 earthquakes and explosions, with epicentral
distances ranging from 150 km to 400 km, overing all azimuths but a 40°
gap from the SW and a smaller gap from the NE direction. For each
source, the P_ apparent velocity was estimated by fitting a cone to the

n
arrival times using a One-Norm measure of misfit.

The apparent P, velocity does not show any systematic variation
with epicentral distance, but exhibits a strong azimuthal dependence.
Observations cannot be satisfactorily explained by simple moho dip
alone, nor by transverse anisotropy of upper mantle material alone. The
smoothed data (running average with a 20° azimuth window) are well
approximated by an excentered elipse. We obtained a good fit to the
data with a moho dip of 2° to 2.5° in the N 38 W direction, coupled with
a 3 to 3.5% transverse anisotropy of subcrustal material (Figure 2).
"True" P, velocity is found to be 7.93 km/sec in the N 50 W direction
and 7.65 km/sec in the perpendicular direction. In contrast, for a
smaller data set in the eastern Mojave, we found a small westerly moho
dip of about 1°, and an azimuthally isotropic P, velocity of 8.1 km/sec.
The near coincidence of the fast direction of P, propagation with the
azimuth of relative plate motion near the San Andreas fault system
appears to be consistent with shear-induced preferential orientation of
upper mantle material near the plate boundary.
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NDSN Design Studies
9920-02143

Jon Peterson
Branch of Global Seismology
U. S. Geological Survey
Building 10002, Kirtland AFB-East
Albuquerque, New Mexico 87115
(505) 844-4637

Investigations

The objective of this project is to design a triaxial seismograph
that will produce seismic data in the frequency band from .01 to

20 Hz and operate linearly over an amplitude range from ambient
earth noise at a quiet site to an acceleration level of .1 g. Pre-
liminary studies indicate that three types of seismometers will be
needed: conventional short-period seismometers with flat velocity
response from 1 to 10 Hz, broadband seismometers with flat velocity
response from .05 to 5 Hz, and force-balance accelerometers that
will accommodate high input amplitudes over the entire band. The
dynamic range and linearity of the instruments chosen for this seis-
mograph are the most important characteristics that must be tested.
Two types of force-balance accelerometers are being tested and
modified long-period seismometers are being tested as broadband
instruments. A high-resolution digital recorder is being assembled.
Investigations have been delayed by the long delivery times for
instruments. However, all essential components are now on hand and
assembly and testing are now underway.
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Earthquake Research and Network Operations in the
Intermountain Seismic Belt--Wasatch Front
14-08-0001-16725

R. B. Smith and W. J. Arabasz *

Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801)581-6274

Investigations

1s
2.

Ls

Analyses of earthquakes recorded by the Wasatch Front seismic network.

Installation and implementation of the PDP-11/34, 11/70 computer systems
for network recording and data processing.

Source parameters and seismic moment tensors of Utah earthquakes.
Earthquake prediction in the Intermountain seismic belt.

Flexure and normal faulting in an elastic-perfectly plastic plate and
implications for seismicity along the Wasatch Front.

Results

Quarterly epicenter bulletins for the Wasatch Front study area for the
period: April 1 - September 30, 1980, include 255 earthquakes (M %4.4).
Felt shocks occurred (1) near Elberta, Utah, on April 6 (M =3.8) and

on May 24 (M =4.4, MMI = V-VI), and (2) near Logan, Utah, on August 15
(M_=2.9) and on September 16 (M =2.9). The earthquakes near Elberta
were located within 15 km of (but clearly removed from) the Wasatch
fault, and they occurred within a 100 x 300-km-long anomalously quiet
sector of the Intermountain seismic belt that had experienced only one
mainshock larger than magnitude 3.5 since 1967 (see previous semi-annual
summary).

During the period April 1 - September 30, 1980, final shipments of hard-
ware were received for PDP-11/34 and 11/70 computer systems provided by
the USGS for network operations and research. Major efforts were made
to: (a) implement the UNIX operating system on the 11/70 and RSX-11M
system software on the 11/34, (b) convert an initial 50 stations to
on-line recording on the 11/34, (c) implement and debug trigger soft-
ware, and (d) initiate routine data analysis procedures with the 11/70.

Spectral parameters were calculated for 19 of Utah's larger historical
earthquakes. Estimates of stress drop (<20 bars) appear low compared
to other intraplate earthquakes of similar magnitude (3%<M <6%), and

apparent stresses for sampled earthquakes of M <4.5 are 6 to 10 times

*Final Tech. Report includes contributions from G. Zandt, W. D. Richins,
D. Doser, T. J. Owens, and B. W. Hawley.
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lower than published values for comparable intraplate shocks. Estimates
of average fault displacement from moment calculations agree well with
observed displacements on Holocene faults. Seismic moment tensors show
an extensional strain component at N79°E and a near-vertical compressional
strain of equal magnitude. The intermediate strain component is near-
horizontal (N6°W) and compressional in northern Utah; in southern Utah

it is also near-horizontal (N12°W) but extensional. Focal-mechanism
differences in northern and southern Utah reflect this change.

4. A review paper of earthquake prediction efforts in the Intermountain
seismic belt (see reference by Arabasz and Smith, below) summarizes important
observations to date and assesses inherent problems for predicting moder-
ate to large earthquakes in an intraplate setting with characteristics
such as the ISB. Negative results from monitoring quarry blasts on a
daily to weekly basis for temporal velocity variations contrast with more
promising results involving space-time seismicity changes. Statistically
significant changes in space-time patterns--both on a local and regional
scale--have been documented in the Utah region. Best results to date
relate to seismicity changes before the March 1975 Pocatello Valley earth-
quake (M =6.0). Significant problems for earthquake prediction in the
ISB (apart from near-exclusive reliance on seismic observations) include:
(a) a lack of understanding of the seismic cycle on a major normal faults
and whether specific segments of active faults are in the initial or
later stages of a long strain-accumulation cycle, (b) the uncertain
importance of listric faulting as a seismogenic mechanism, and (c)
uncertainties resulting from a relatively low seismic flux and short
historical record.

5. A mathematical model of normal faulting in the lithosphere that consists
of a thin plate supported by a fluid substratum has been developed to
analyze the deformation and stress in the lithosphere that is associated
with displacement on a normal fault. In this analysis the thin plate
has an elastic-perfectly plastic rheology that allows no increase in
stress in the plate beyond a specified yield value. When constrained
by observed data in the Wasatch Front region, it is found that the
1ithospheric layer in the eastern Basin and Range has an effective
mechanical thickness of about 20 km, a low elastic modulus of 0.8 to
1.5 x 1010 n/m2 and a low yield strength of 1 to 2 kb, which is consistent
with the existance of a thin, weak lithosphere in the region. The
results indicate that the flexure associated with normal faulting coulq
be important in evaluating the time-variation of seismicity in the region
and should be incorporated into normal-faulting earthquake cycle studies.

Reports and Publications

Arabasz, W. J., Smith, R. B., and Richins, W. D., 1980, Earthquqke studies
along the Wasatch Front, Utah: Network monitoring, seismicity, and
seismic hazards: Seismol. Soc. America Bull., v. 70, p. 1479-1499.

Smith, R. B., Zandt, G., and Gaiser, J. E., 1980, Temporal monitoring of
seismic velocity along the Wasatch Front using quarry blasts:
Seismol. Soc. America Bull., v. 70, p. 1527-1546.

Zandt, G., and Owens, T. J., 1980, Crustal flexure associated with normal
faulting and implications for seismicity along the Wasatch Front,
Utah: Seismol. Soc. America Bull., v. 70, p. 1501-1520.
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Pavlis, T. L., Smith, R. B., 1980, Slip vectors of faults near Salt Lake
City, Utah, from Quaternary displacements and seismicity: Seismol.
Soc. America Bull., v. 70, p. 1521-1526.

Griscom, M., 1980, Space-time seismicity changes in the Utah region and an
evaluation of local magnitude as the basis of a uniform earthquake
caltalog: University of Utah, M.S. thesis, 134 p.

Doser, D. I., 1980, Earthquake recurrence rates from seismic moment rates
in Utah: University of Utah, M.S. thesis, 164 p.

Owens, T. J., 1980, Flexure and normal faulting in lithospheric plates
with application to the Wasatch Front, Utah: University of Utah,
M.S. thesis, 64 p.

Arabasz, W. J., and Smith, R. B., 1980, Earthquake prediction in the
Intermountain seismic belt--An intraplate extensional regime:
submitted (Sept. 1980) for inclusion in Proceedings of the Third
Maurice Ewing Symposium--Earthquake Prediction.

Hawley, B.W., Zandt, G., and Smith, R. B., 1980, Simultaneous inversion
for hypocenters and lateral velocity variations: An iterative
solution with a layered model: submitted (Oct. 1980) to Jour.
Geophys. Research.
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National Earthquake Catalog
9920-02648

J. N. Taggart
Branch of Global Seismology
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, CO 80225

(303) 234-5079

Investigations

1. Coordinate the preparation of a national earthquake catalog.

2. Collect earthquake event lists for the catalog and check them against
original sources.

3. Investigate the relation between the size of large shallow earthquakes
and the duration of their signals recorded on long-period seismograms of the
World-Wide Standardized Seismograph Network.

4. Check the attenuation coefficient in the 1962 International Formula for
the estimation of Mg magnitude.

Results

1. A plan prepared early in 1980 identifies four principal elements in the
development and publication of the national earthquake catalog: data pre-

paration, related research, data base development, and catalog preparation.
The appointment of a data base administrator has been postponed for a year,
but data preparation and research on earthquake parameters are progressing

according to the plan.

The Bulletin of the Seismological Society of America is being searched for
research papers on parameters of United States earthquakes. Indexing is
more than half completed on this work. Other journals, reports and theses
will be searched for useful data. Much of the current research on

United States earthquakes is listed in the Summary of Technical Reports,
Volume X, of the National Earthquake Hazards Reduction Program. Published
data resulting from these researches will be screened for inclusion in the
catalog.

2. W. H. K. Lee, A. C. Tarr and J. N. Taggart have collected many of the
available magnetic tape listings of earthquakes. Over 5400 events on the
NOAA/EDIS hypocenters tape for the United States, Puerto Rico, Guam and Samoa
have been checked against original sources by two people working together.
Less than 1% of much of this data is erroneous, except for the case of
Hawaiian earthquakes where manual conversion of degrees and decimal minutes
to decimal degrees resulted in about 257% erroneous values. Approximately 300
events per day can be checked in two one-hour sessions, which is about the
maximum time during which high-level performance can be maintained. Because
events commonly are listed in more than one source, it may be necessary to
check as many as 75,000 separate listings.
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3. Total durations of 16 large shallow earthquakes, for which focal mech-
anisms and seismic moments have been estimated, were measured on film or
paper copies of long-period vertical seismograms from the World-Wide
Standardized Seismograph Network. Duration time was measured where the
amplitude of the ground motion at periods between 12 and 24 sec. decays be-
low 1.0 micrometer. Between 40 and 75 observations in the epicentral
distance range of about 5° to 170° are available for each earthquake. Ad-
ditional data have been collected on durations from horizontal components,
contamination from aftershocks and background noise at each statiom.

The durations are related to the size of the earthquakes, but azimuthal
dependence is not evident. The data will be checked for distance dependence,
path effects, significance of station terms and correlation with individual
or combined source terms.

4. All observations of maximum 20-sec. Rayleigh wave ground motions have been
extracted from Earthquake Data Reports for 1979. The mean value of the Log
Distance attenuation coefficient will be estimated by least squares. If this
coefficient departs significantly from the value of 1.66 used in the 1962
International Formula for the estimation of Mg magnitude, then observations
for 1971-1978 will be extracted from ISC magnetic tapes, and included in the
investigation.
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Regional and National Seismic Hazard and Risk Assessment
9950-01207

S. T. Algermissen
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

Investigations

1. Reassessed estimates of earthquake losses in the San Francisco Bay
area and Los Angeles and Orange Counties, California.

2. Continued review of the seismotectonics and seismicity of various
regions of the country through a series of meetings with geologists and
seismologists from within and outside the Survey.

3. Continued investigation of relationship between average return periods
obtained from analysis of historical seismicity data and return periods
developed from field investigations of fault slip.

4. Continued development and computation of revised probabilistic
national acceleration and velocity maps.

Results

1. Comprehensive reports on estimated losses to facilities critical to
disaster preparedness and mitigation had been prepared for the San Fran-
cisco Bay area (1972) and the Los Angeles-Orange County area (1973).

These reports were reviewed and reassessed as part of a larger Survey
effort prepared for the Federal Emergency Management Agency (FEMA). Addi-
tional monetary loss estimates not considered in the original reports were
also computed. The reassessment is being published as an open-file report.

2. A meeting was held on September 10 and 11 to review the seismotectonics
and seismicity of the Northeastern United States. This meeting completes
the series of discussions held over the past year for the purpose of in-
creasing the utilization of seismotectonic data in the delineation of seis-
mic source zones for probabilistic ground motion calculations.

3. A variety of techniques have been used to compute the parameters (a)

and (b) in log N=a-bM relationship for various seismic source zones in the
Western United States derived from seismotectonic considerations. In gen-
eral, the magnitude distributions obtained from historical seismicity

agree rather well with distributions obtained from geological field studies
(fault scarp investigations) in the Basin and Range Province when the his-
torical seismicity is averaged over rather large areas of Holocene faulting.
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4. Acceleration and velocity maps are currently being prepared for the
Western and Central portions of the country. In the West, maps are being
prepared for those areas not previously considered in the offshore prob-
abilistic ground motion mapping project already completed.

Reports

Perkins, D. M. Bender, B., and Shedlock, K., 1980, Rules of thumb relating
to issues in probabilistic ground motion mapping: USGS, Open-file
Report 80-

Algermissen, S. T., Thenhaus, P., and Askew, B., 1980, New probabilistic
hazard maps for the United States--a progress report 80-

Algermissen, S. T., and Steinbrugge, K. V., 1980, Estimation of earthquake
losses, USGS, Open-file Report 80-

Steinbrugge, K. V., Lagorio, H., and Algermissen, S. T., 1980, Earthquake
insurance and microzoned geologic hazards: United States Practice,
8th World Conference, Earthquake Engineering, September, 1980

Steinbrugge, K. V., Shader, E. E., and Algermissen, S. T., 1980, Earth-
quake damage to mobile homes in California, California Geology,

California Division of Mines, Vol. 33, No. 10, pp. 225-232.

Algermissen, S. T., 1980, Seismic risk, in McGraw-Hill Encyclopedia of
Science and Technology, (in press).
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Seismic Wave Attenuation in Conterminous United States
9950-01205

A. F. Espinosa
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5077

Investigations

l. Data reduction and analysis of 136 events in the magnitude range of 2.0 to
6.4, recorded on short period instruments throughout the United States, for
the Pg, Pn and Sn phases is in progress.

2. Continuation on the attenuation study of strong-ground motion displace-
ments (cm) from 67 earthquakes recorded in the Western United States is in
progress.

3. Data selection and tabulation of earthquakes recorded on Wood—Anderson
instruments in the Western United States is in progress.

4, Data selection tabulation and analysis obtained from the control explosion
Early Rise in Lake Superior, which was recorded on short period instruments,
is in progress.

Results

l. The seismic moment, M , for the Imperial Valley earthquake of ggtober 15,
1979, computed from the tabulated strong-motion data is 1l.1 x 10 dyne-cm.
This value compares fairly well with the M determined for the 1940 Imperial
Valley earthquake of 3.0 x 1026 dyne-cm (Hanks and others, 1975).

2. The local magnitude, M;, determined using the maximum horizontal accelera-
tion recorded at 30 U.S. Geological Survey and at 7 Mexican accelerograph
stations is (ML) = 6.61 + 0.27. This value is in excellent agreement with PAS
Wood-Anderson M; determination of 660

3. The observed maximum horizontal ground accelerations from the October 15,
1979, Imperial Valley earthquake, are in fairly good agreement with the ground
level accelerations, expected for a similar-size event, derived from the
empirical attenuation law for the Western United States by Espinosa (1980a).

4, Eighty-one percent of the mean observed magnitude at each station, record-
ing the 1979 Imperial Valley event, falls within a 60% variation of one magni-
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tude unit of the mean attenuation curve (6.6 + 0.3). Ninety-seven percent of
the observed mean ML'S at each station falls within an 807 variation (6.6 =%
0.4). The comparison of the Imperial Valley earthquake of 1979 observed data
(Espinosa, 1980b) with the empirical magnitude scaling law (M;) derived by
Espinosa (1980a) are in excellent agreement.

5. An empirical relationship correlating half of the peak-to-peak amplitude
with the maximum horizontal particle velocity (cm/sec) and/or with the maximum
horizontal acceleration (cm/secz) has been derived from the strong-motion
accelerograms of the 63 most significant Western United States earthquakes
(see Figure 1).

Reports

Espinosa, A. F., 1980, Attenuation of strong horizontal accelerations in the
Western United States and their relation to My ¢ Seismological Society of
America Bulletin, v. 70, 583-61l6.

Espinosa, A. F., 1980b, M; and M, determination from strong-motion accelero-
grams and expected intensity distribution—-October 15, 1979 earthquake:
U.S. Geological Survey Open-File Report 80-1094, 28-42.

Dwyer, J. J., Herrmann, R. B., and Nuttli, O. W., 1980, Numerical study of
attenuation of high frequency Lg waves in the New Madrid Seismic Region:
U.S. Geological Survey Open-File Report 80- 5t 1=131,

Espinosa, A. F., 1980c, Attenuation of strong-motion accelerations and veloc-
ities and their application to Earthquake Engineering: II Seminario

Latino Americano de Ingenieria Sismo—-Resistente, Lima, Peru, 1-32.

Espinosa, A. F., 1980d, Seismic Risk in Nicaragua, Central America: II Sem-—
inario Latino Americano de Ingenieria Sismo-Resistente, Lima, Peru.
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Figure l.--One-half peak-to-peak amplitude (PP/2), on the Wood-Anderson seis-
mogram (m) as a function of the maximum horizontal particle velocity
(cm/sec) and/or horizontal acceleration (cm/secz)- The data base used in
this figure are listed in Kanamori and Jennings (1978), Espinosa (1979),
Boore (1980), and, Espinosa (1980a, 1980c).
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RESEARCH APPLICATIONS
9900-90027

W. W. HAYS
Office of Earthquake Studies
U.S. Geological Survey
905 National Center
Reston, VA 22092
(703)-860-6473

Investigations

1. The objective is to develop and to foster effective communication between
producers of information in the USGS’s Earthquake Hazards Reduction Program
and users in Federal, State, and local governments, academic and private
sectors.

Results

1. The Office of FEarthquake Studies joined with FEMA and NSF to sponsor the
1980 Summer Institute on Multiprotection Design. The Institute presented a
course on earthquake hazards to 30 University and College staff members during
the week August 11-15 in Battle Creek, Michigan.

2. A conference on, "Evaluation of Regional Seismic Hazards and Risk" was
attended by 35 scientists, engineers, and other disciplines in Santa Fe, New
Mexico, August 25-27, 1980. The objective was to discuss the technical issues
and the state-of-knowledge concerning the evaluation of seismic hazards and
risk in various geographic regions of the U.S. The conference proceedings
will be published.

Reports

1. Hays, W. W. (Editor), 1980, Earthquake Prediction Information, Proceedings
of Conference XII, January 28-30, 1980, Los Angeles, Ca., U.S.
Geological Survey Open-file Report 80-843, 328 p.
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Seismogenic Zones of the United States
9950-01849

F. A. McKeown
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5087

Investigations

1. Conducted seismic source zoning meetings for the Central and
Northeastern parts of the United States.

Results

1. Six non-Survey and eight Survey earth scientists participated in

the zoning meeting for the Central United States. Nine zones were delim-
ited for the region. The information and rationale for the zones were
summarized in a report by Dave Russ and sent to the participants for any
comments they cared to make. Russ has subsequently revised the report
and zone map slightly.

Nine Survey and nine non-Survey earth scientists participated in the
zoning meeting for the Northeastern United States, and Bill Diment is
preparing a report of the results of the meeting. The region was zoned
into nine parts.

The seismic zones for both the Central and Northeastern United States
were delimited largely on the basis of historical seismicity, and a few
geologic structures with which some seismicity is or appears to be asso-
iated. This basis of zonation is in contrast to that used for much of
the Western United States where the zones were based largely on the age
of Quaternary faulting and the relative homogeneity of ages of faulting.

It is too soon to evaluate the impact that the zones delimited at the
five zoning meetings held in FY-80 will have on the final probabilistic
ground-motion maps. Initial opinion is that significant changes in the
distribution of ground-motion values may result locally from using both
geology and seismicity rather than seismicity alone. The Nevada seismic
zone, the Wasatch fault zone, and the buried rift zone in the New Madrid
region may be examples of areas where the distribution of ground motion

values may differ significantly from those shown on the 1976 ground-motion
map.

Perhaps the chief value of the seismic source zone meetings has been that
through an informal workshop format the knowledge of many of the best in-
formed earth scientists in the country has been used to construct seismic
source zone maps which are generally acceptable to most everyone.
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Fault Scarp Morphology: Indicator of Paleoseismic Chronology

Contract Number 14-08-0001-19109

David B. Nash
Department of Geology
University of Cincinnati
Cincinnati, Ohic 45221
(513) 475-2834

Investigations

1. Profile fault scarps and fluvial terraces in the obsidian sand
deposits south of Hebgen Lake Montana.

2. Collect materials with which to date the fault scarps and fluvial
terraces.

3. Date the terraces and fault scarps by the morphologic dating
technique ocutlined by Nash (1980).

Results:

1. Approximately 200 profiles were collected of four fault scarps
and four fluvial terraces. The structure of the shear zone and
the history of faulting as revealed in a trench across the fault
scarp were more complex than anticipated.

2. No datable organic material was collected from the trenched fault

scarps. Obsidian clasts were collected from the fault shear zone
for obsidian hydration rim dating. A datable ash and log were
discovered in a conical depression on the lowermost fluvial terrace
along the Madison River.

Analysis of the fault and terrace profile data is in progress.

References:

Nash, D. B., 1980a, Morphologic dating of degraded normal fault scarps:

Journal of Geology, v. 88, p. 353-360.
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Neotectonic Synthesis of U.S.
9540-02191

Carl M. Wentworth
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2474
Investigations

1. The manuscript on an Atlantic Coast domain of northwest-southeast
compression and resultant reverse faulting and earthquakes was carried through
extensive review and author revision. It will be submitted for publication as
part of the second USGS Professional Paper on the 1886 Charleston earthquake.

2. A manuscript on episodic subsidence of the Atlantic margin has been
prepared, reviewed, and revised. The Atlantic-coast structure-contour maps
have been submitted for technical review.

3. A study was carried out on the use of drainage-basin shape and channel-
geometry parameters to.assess tectonic uplift rates and relative uplift across
possible faults using multivariate analysis of variance and linear
discriminant analysis. The results are promising.

4, The eight research contracts on neotectonics were all extended for periods
of 2 to 6 months, to permit the contractors to take advantage of unanticipated
data sources and to assure the best possible products. The scope of the
contract on the Ventura basin, California, was expanded to include horizontal
as well as vertical deformation, with an additional cost of about $3,100.

5. The possibility of preparing computer-drawn digital terrain maps at
1:250,000 was explored, mapping parameters were selected, and a large suite of
experimental maps was prepared for southern California and the Coast Ranges
north into Oregon.

Results

1. Compression of the Atlantic Coast domain along the eastern seaboard is
approximately northwest-southeast, perpendicular to the Appalachian orogen,
the continental margin, and the Atlantic spreading axis. This implies a
causal relation between the compression and something related to the margin.
A further constraint is provided by evidence of decreasing rates of reverse
faulting through time: for the Stafford fault zone in Virginia, from

2.4 m/m.y. in the Late Cretaceous to as little as 0.2 m/m.y. in the past

55 m.y., and for the Cooke fault in the 1886 Charleston meizoseismal area,
from at least 1.7 m/m.y. in the Jurassic and Early Cretaceous to as little as
0.4 m/m.y. in the past 55 m.y. This decline, and the possibility that Cooke
fault movement began soon after continental rifting, suggests an inverse
relation between the rate of reverse faulting and the duration of Atlantic
spreading.

2. The relatively low frequency of damaging earthquakes in the Atlantic Coasf

domain énferred from the historic record and reverse fault histories (10'5 per
1000 km® per year) and the long and, at least recently, complex sequence of
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aftershocks from the 1886 Charleston earthquake suggest a long recovery time
for the regional stress field following the strain release of large
earthquakes. The 1886 Charleston earthquake probably resulted from northeast-
trending reverse faulting, based on its occurrence within the best documented
part of the Atlantic Coast domain of reverse faulting, the presence of
northeast-trending Cretaceous-Cenozoic reverse faults in the meizoseismal
area, and inference from intensity data of a northeast-striking source.

Recent aftershocks, however, yield both northeast- and northwest-striking
reverse source mechanisms. This seems explainable by inferring that
horizontal stresses are now approximately equal in the area perturbed by the
1886 shock, that the regional stress pattern has not yet been reimposed in the
area, and that the geometries of continuing aftershock adjustments are
sensitive to both existing structures of various orientations and to the
effects of preceeding adjustments.

3. The character of the Atlantic Coast domain of reverse faulting, micro-
earthquakes recorded at North Anna Reservoir in Virginia, and geomorphic
analysis across the Spotsylvania lineament suggest that the Stafford fault
system extends southwestward 35 km to North Anna Reservoir and is generating
small earthquakes in the vicinity of the reservoir. The reservoir lies on
strike with and 35 km southwest of the Dumfries fault in the Stafford

system. Statistical analysis by Larry Mayer of geomorphic parameters of
drainage basins on either side of the Stafford system and the Spotsylvania
lineament on strike to the southeast indicates differences that are consistent
with west-side-up faulting, and are not otherwise explainable.
Microearthquakes at North Anna Reservoir (Dames and Moore, 1976) yield
composite focal mechanism solutions with subhorizontal pressure axes and one
reverse focal plane in common, which on the average is similar to the attitude
of the Dumfries fault.

4, Digital terrain maps at 1:250,000 were prepared from a file of average
altitudes by 15 second cell (900 cells per 7 1/2 minute quad) for 1 x 2 degree
sheets west of Lat. 116 in southern California and throughout the Coast Ranges
north to Long. 44. Four mapping parameters were selected for contouring to
provide information bearing on possible tectonic influence on topography:

(1) 15 second average altitudes, yielding a slightly simplified version of the
real topography on which form, features, and altitudes are readily seen,

(2) maximum altitudes per 1 minute cell, yielding an envelop over the terrain
that emphasizes high surfaces and the bulk distribution in the terrain,

(3) minimum altitudes per 1 minute cell, yielding a subenvelop representing
the surface on which the streams and rivers flow, and (4) the range in
altitude per 1 minute cell, yielding a relief map. The maps are experimental,
and are considered potentially valuable tools in geologic, geomorphic, and
tectonic interpretation. Copies are available on request to Wentworth.

Reports

Heller, P. L., Wentworth, C. M., and Poag, C. W., 1980, Episodic post-rift
subsidence of the eastern U.S. continental margin (abs.): Geological
Society of America, Abstracts with Programs, v. 12, p. 445,

Wentworth, C. M., and Mergner-Keefer, Marcia, 1980, Atlantic-Coast reverse-

fault domain: probable source of east-coast seismicity (abs.):
Geological Society of America, Abstracts with Programs, v. 12, p. 547.
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Southwestern Utah Seismotectonic Studies
9950-01738

R. Ernest Anderson
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5109

Investigations

1. Most of the report period was devoted to work on two manuscripts dealing
with general reviews of the Cenozoic tectonic history of the Basin and Range
province. One of the manuscripts is approved for publication and the other
is unfinished.

2. Completed field studies of Cenozoic structures in the Conger and Confu-
sion Ranges, Utah, and sampled, for isotopic dating, tuffs interbedded with
assemblages of Oligocene coarse clastic strata.

3. Studied Cenozoic fault-fold relationships in the Aurora, Utah, area near
Salina, Utah.

Results

1. A review of subsurface data from the Great Basin section of the Basin and
Range province and the Rio Grande Rift area indicates that as the young
basins of these regions mature, they grow larger and less complex structur-
ally. Complexities seen in early-formed parts of the young basins suggest
complex patterns of extensional stress domains that become larger and less
complex with time.

2. 1In the Conger and Confusion Ranges and adjacent areas of west-central
Utah and in the Schell Creek Range of east-central Nevada, field studies by
Anderson and age data supplied by Harald Mehnert and Bob Bohannon provide
extensive documentation of major episodes of Oligocene deformation some (and
possibly most) of which is associated with extensional tectonics of pre-
basin-range vintage. Locally, pre-basin-range normal faulting produced
extension of as much as 70 percent of original cross-strike dimensions.

3. Unconformities seen on published maps of Tertiary strata on the east
flank of the Pavant Range near Aurora, Utah, are mostly nondepositional.

They result from the tectonic smearing of contacts by complex faults and
sheared folds all of which postdate Oligocene and Miocene (?) volcanic rocks
of the area. Though available data do not allow a simple kinematic solution,
there appears to have been coeval NE-SW extension and strike-slip displace-
ment on NE-SW faults.
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Reports

Anderson, R. E., 1980, The status of seismotectonic studies of southwestern
Utah: U.S. Geological Survey Open-File Report 80-801, p. 519-547.

Anderson, R. E., 1980, Factors that complicate determination of the neotec-
tonic stress field in southwestern Utah: Geological Society of America,
Abstracts with Programs, v. 12, no. 6, p. 265-266.

Bucknam, R. C., Algermissen, S. T., and Anderson, R. E., 1980, Patterns of
late Quaternary faulting in western Utah and an application in earth-
quake hazard evaluation: U.S. Geological Survey Open-File Report 80-
801, p. 299-314.

Zoback, M. L., Anderson, R. E., and Thompson, George, 1981, Extensional

tectonics in the western United States: Transactions Royal Society of
London, in press.
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Tectonic Framework San Francisco Bay Region
9540-01618

Earl E. Brabb
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2203

Investigations

1.

2.

Began map of fault potential for San Mateo County seismic zonation (I-
1257 series).

Continued evaluation of different kinds of slope maps for San Mateo
County.

Began map showing general direction and amount of dip of bedrock units in
San Mateo County.

Continued final preparation of material for Weber-Lajoie open-file map of
San Gregorio fault zone and Dupre-Tinsley map of surficial deposits and
liquefaction potential for northern Monterey County.

Conferred with several potential authors about products for the San Mateo
County seismic zonation series.

Reviewed, edited, mocked-up, and had reproducibles prepared for 17
geologic maps by Tom Dibblee of quadrangles in Contra Costa and Alameda
Counties.

Results

1.

Fault lines from bedrock mapping, geomorphic studies, and geophysical
investigations for all faults in San Mateo County are being combined on a
single scale (1:62,500) so that the hazard, if any, associated with the
faults can be properly assessed.

Conferred with Bill Ellsworth and Jean Olson about adding epicenters to
the fault map. They believe that the epicenters are located with
sufficient precision to be displayed at 1:62,500 scale. Jean has derived
several fault plane solutions, many of a thrust character, that provide
the basis for new speculations about the movement potential of several
faults.

Four slope maps of part of San Mateo County have been produced, one from
the photomechanical combination of contour lines and three from different
programs to manipulate digital elevation data. Slope maps are needed to
prepare maps in the seismic zonation series showing which slopes are
likely to fail by landsliding during earthquakes and which are likely to
be triggered by rainfall.
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The consideration of which slope map to use has resurrected an old
question--how accurate are standard Survey topographic maps and digital
data in forested areas. In order to evaluate and compare the slope maps
produced by the various methods, a contract has been awarded to prepare
about 4000 m of profiles on a variety of slopes in the northwest one-
quarter of the La Honda 7.5' gquadrangle. When the profiles are finished,
the various slope maps will be analyzed and the best one picked for
publication in color.

The direction of bedding in relation to slope may be one of the factors
contributing to slope instability. In order to evaluate this factor, a
new map has to be produced to generalize dip directions from attitudes on
the geologic map. Apparently this kind of a map has never been prepared
before on a regional scale. The map will be reproduced by computer
methods and will be part of the seismic zonation series for San Mateo
County.

The Dupre-Tinsley map is finally at the printer and the Weber-Lajoie map
is in the final stages of preparation for open-files.

Discussions with Carl Wentworth and Steve Ellen indicate that the
hillside materials map of San Mateo County can be modified to fit the I-
map format and the seismic zonation series. Information on the map
pertaining to strength of materials, fracture spacing and cut-slope
stability probably has a direct relation to slope stability and ground
response.

Jeannie Perkins of the Association of Bay Area Governments was persuaded
to write a text for her maps showing earthquake risk to wood-frame
dwellings, tilt-up concrete buildings, and concrete block and steel frame
buildings as part of the San Mateo seismic zonation series. The map and
text are now in technical review.

The Fumal-Gibbs map of seismically distinct units in San Mateo County was
programmed by Bob Mark and Evelyn Newman from the digital tape of basic
geology used to prepare map I-1257A. Derivative maps like this are
relatively simple to prepare once the basic geology has been digitized.
Another map that may be prepared from the same tape is the one on ground
response in preparation by Bill Joyner, Jim Gibbs and others.

The geologic maps prepared by Tom Dibblee are used on a daily basis by
consultants in determining the kind of geologic hazards that might offset
a development, and by city and county geologists in evaluating the
consultants' reports, in reviewing and revising seismic and public safety
elements of the general plan, for general reference, and in reviewing
environmental impact reports and statements. The maps are particularly
valuable because they are at reasonably large scale (1:24,000) and they
cover large areas with a uniform approach to the geology, i.e., no faults
are required at quadrangle boundaries.

The geologic maps of Contra Costa and Alameda Counties are also in demand
as one of the basic building blocks for understanding landslide processes
and for predicting slope stability in hillside areas. One example, is a
study by the Association of Bay Area Governments for the University of
California, Berkeley, and the East Bay Municipal Utility District. The

slope stability analysis will be used to reduce road maintenance and to
control erosion.
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Status of Seismic Zonation Maps for San Mateo County

Miscellaneous Field Investigations I-1257 Series

Authors

Maps

Comments

Brabb, Pampeyan
Wieczorek, et al.

Uncertain

Brabb, Taylor
Brabb

Youd
Brabb
Olson

Brabb, Pampeyan
Brabb, et al.

Perkins (ABAG)
Brabb?

Fumal, Gibbs
Joyner, Gibbs
Uncertain

Uncertain
ABAG?

Wentworth, Ellen
Uncertain

Brabb

Geology I-1257A
Earthquake induced
landslide

Slope

Geologic, scenic, and
historic sites

Dip direction and
amount

Liquefaction potential
Fault potential
Epicenters

Landslide inventory
Landslide
susceptibility

Building risk
Dam inundation
Seismic units
Ground response
Tsunami

Flood prone areas
Land use

Hillside materials
Vegetation

Composite hazards

In press
Map finished, text being written.

Elevation data in digital form.
Need ground data to determine best
best program to use.

Almost ready for branch review.

Map in preparation.

Almost ready for branch review.
Map nearly finished. Need text.
Map nearly finished. Need text.
Will probably combine with fault
map .

Revision of MF map in progress.
Will be done by computer when land-
slide inventory and slope map
finished.

In branch review.

Map in preparation.

Nearly ready for branch review.
In preparation.

New Corps Eng. data available
1981.

From WRD maps.

Map available in digital form.
Need text.

In TRU review.

Available in digital form. May
be used to make landslide sus-
ceptibility map.

Will begin when all other maps
are finished
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REPORTS

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Walnut Creek
quadrangle, Contra Costa County, California: U.S. Geological Survey
Open-File Report 80-351, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Benicia
quadrangle, Contra Costa and Solano Counties, California: U.S.
Geological Survey Open-File Report 80-400, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the La Costa Valley
quadrangle, Alameda County, California: U.S. Geological Survey Open-File
Report 80-533A, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Livermore
quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-533B, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Niles
quadrangle, Alameda County, California: U.S. Geological Survey Open-File
Report 80-533C, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Byron Hot
Springs quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-534, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Midway
quadrangle, Alameda and San Joaquin Counties, California: U.S.
Geological Survey Open-File Report 80-535, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Antioch South
quadrangle, Contra Costa County, California: U.S. Geological Survey
Open-File Report 80-536, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Dublin
quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-537, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Altamont
quadrangle, Alameda County, California: U.S. Geological Survey Open-File
Report 80-538, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Briones Valley
quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-539, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Tassajara
quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-54l4, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Las Trampas
Ridge quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-545, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Diablo
quadrangle, Alameda and Contra Costa Counties, California: U.S.
Geological Survey Open-File Report 80-546, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Clayton
quadrangle, Contra Costa County, California: U.S. Geological Survey
Open-File Report 80-547, scale 1:24,000.

Dibblee, Thomas W., Jr., 1980, Preliminary geologic map of the Cedar Mountain
quadrangle, Alameda and San Joaquin Counties, California: U.S.
Geological Survey Open-File Report 80-850, scale 1:24,000.
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Seismic Hazards ot the Hilo 7 1/2' quadrangle
9550-02430
Jane M. Buchanan-Banks
Engineering Geology Branch
U.S. Geological Survey
Hawaiian Volcano Observatory
Hawaii Volcanoes National Park
Hawaii 96718
(808) 967-7328

Investigations

Geologic mapping within the Hilo quadrangle, and studies of ash
and saprolite deposits in selected portions of the Hilo,
Papalkou, Akaka Falls and Pi'ihonua quadrangles are continuing.

Results

Cl4 dating ot charcoal collected from beneath Mauna Loa lava
flows during geologic mapping has confirmed the existence of at
least two ashes in the study area. The older ash (B) 1is no
younger than 14,500 years and 1is believed to be an eruptive
product of Mauna Kea volcano. The younger ash (A) is between
4,000 and 9,000 years old and its source has not been determined.

Geotechnical tests for a map of susceptibility to earthquake-
induced landslides were conducted by members of the Engineering
Geology Branch, Menlo Park. Two sites believed to represent the
two age-units of ash were selected for testing. Ash B is more
weathered and has higher water content and sensitivity than ash
A. The results indicate that only ash B deposits are sensitive
enough to pose a substantial risk ot earthquake induced ftlow.

Ash B 1is underlain by a locally thick, yellow-gray clay bed (C)
that appears to be widespread in the study area. Both ash B and
the clay overlie the saprolite. Bed C may act as a slip surface
for the overlying ash. Its higher clay content relative to the
ash deposit makes it 1less permeable and hence water may
accumulate at the base of the ash. The clay bed is being mapped
as a separate unit.
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Quaternary Deposits and Tectonics of the
Antelope Valley-Western Mojave Region, California

9940-02090

D. B. Burke
Branch of Ground Motion ahd Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2048

Investigations and results

The data storage structure of the MAT_DISPLAY system on Multics has been
revamped to increase the system's efficiency and utility for other
projects. These computer programs are designed to facilitate the study of
subsurface stratigraphy and seismic engineering properties of Quaternary
materials. When compiled, data from diverse sources such as water well
logs, civil engineering test borings, and seismic velocity profiles can be
handled in the system to produce displays of well and boring logs in both
map view and cross-section, isometric views and contour maps of
stratigraphic surfaces, and tabulations of a variety of geotechnical
properties. Information on any of the following can now be compiled and
manipulated in the system:

lithologic description penetration resistance
unified soil classification penetrometer driving rate
grainsize mode shear strength
grainsize median S-wave velocity
grainsize mean P-wave velocity
grainsize std. deviation whole-rock weathering
grainsize skewness clast weathering
grainsize kurtosis fracture spacing

void ratio hardness

in-place dry density bedding thickness
in-place bulk density color

in-place moisture radiometric age

1liquid limit plasticity index

Information from about 600 water wells, 150 highway and bridge borings, 20
oil and gas wells, 325 aqueduct test borings and trenches, and 250 near-
surface grainsize samples are now compiled for most of the lowlands of
northern Los Angeles County. Test studies in the eastern third of the
region indicate:

1. A 100 m thick, deformed bed of massive lacustrine(?) silty clay
underlies interbedded alluvium and thin lake beds within the eastern
Antelope Valley basin. Its extent to the west in the basin and its
correlation with sequences of alluvium in the adjacent San Gabriel
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Mountains are not yet known, but the bed may be a useful marker horizon for
Quaternary deformation in the region.

2. Steep gradients and isolated closed depressions as deep as 2 km
characterize basement relief in the eastern basin. Some relief is
controlled by active structures that are recognized at the surface but much
has no obvious recently active structural control. Integration with

velocity profiling in progress by John Healy et al. should improve this
subsurface model.

3. Large and abrupt lateral and vertical variations in the grainsize of
Quaternary deposits occur along the length of the Antelope Valley owing to
shifts of the outlets of major drainages of the San Gabriel Mountains where
they cross the San Andreas fault. The timing of these shifts in the
context of the Quaternary alluvial stratigraphy suggests that the San
Anareas rift valley in the area began to be eroded about 300,000 years ago
and that the San Andreas fault has had a maximum slip rate between 2.4 and
4.2 cm/yr since that time.

4. 1In spite of a similarity in penetration resistance between Holocene and
latest Pleistocene deposits in the Antelope Valley and in the San Francisco
Bay region, limited data thus far suggests that void ratios are lower in
the Antelope Valley deposits and that shear wave velocities may be
appreciably higher.

In conjunction with James Gibbs, Thomas Fumal, et al., 11 test holes were
selected and drilled in the Antelope Valley to determine shear wave
velocity characteristics and subsurface stratigraphy of Quaternary units.
Digestion of most data remains in progress. Drilling confirms the
existence of the thick_massive clay bed mentioned above and has supplied
samples for possible C'* and paleomagnetic age determinations.

Reports

Ponti, D. J., Burke, D. B., Marchand, D. E., Atwater, B. F., and Helley,
E. J., 1980, Evidence for correlation and climatic control of sequences
of late Quaternary alluvium in California: Geological Society of
America, Abstracts with Programs, v. 12, no. 7, p. 501.

Ponti, D. J. and Burke, D. B., 1980, Map showing Quaternary geology of the

eastern Antelope Valley and vicinity, California: U. S. Geological
Survey Open-File Map 80-1064, scale 1:62,500.
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Vertical Tectonics
9950-01484

Robert 0. Castle
Branch of Earthquake Tectonics and Risk
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2482

Investigations

1. Continued studies of historic crustal deformation based on the results of
repeated levelings and both continuous and discontinuous sea-level
measurements and how this deformation may be related to the late Cenozoic
tectonics in selected parts of California.

2. Completed report on the results of the 1978 general releveling of southern
California (in review).

3. Reopened investigation of the charge that the results of geodetic
levelings are seriously contaminated by an inexplicit (slope-related) height
dependent error associated with unequal refraction in the atmospheric boundary
layer.

Results

1. Nothing to report at this time.

Reports
)}/ )
Vanicek, Petr, Castle, R. 0., and Balazs, E. I., 1980, Geodetic leveling and

its applications: Reviews of Geophysics and Space Physics, v., 18, no. 2,
p. 505-524.

Castle, R. 0., 1980, Geological considerations in the development and
maintenance of the new North American vertical network [abs.]: Technical
Program and Abstracts. Second International Symposium on Problems Related
to the Redefinition of North American Vertical Geodetic Networks, May
26-30, Ottawa, Canada, p. 29-30.

Castle, R. 0., and Vanicek, Petr, 1980, Interdisplinary considerations in the
formulation of the New North American vertical datum: Proceedings of the
Second International Symposium on Problems Related to the Redefinition of
North American Vertical Geodetic Networks, May 26-30, Ottawa, Canada, p.
262-276 (?).

Burford, R. 0., and Harsh, P. W., 1980, Slip on the San Andreas fault in

central California from alinement array surveys: Bulletin of the
Seismological Society of America, v. 70, no. 4, p. 1233-1261.
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Anchorage-Susitna Lowlands Earthquake Hazards Mapping

9310-02078

O. J. Ferrians, Jr.
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111, ext. 4108

Investigations

1. Completed basic surficial/engineering-geologic field mapping and Quaternary
stratigraphic studies, leaving only minor field checking to be completed.

2. Completed monitoring slope indicator casings in the Anchorage area at the
buttress of the 4th Avenue landslide, and near the "L" Street, Turnagain Arm,
and Government Hill landslides. Many of these casings were installed soon after
the 1964 Alaskan earthquake, but a few have been installed within the last two
years.

3. Continued collection and synthesis of subsurface engineering soils data.

Results

1. Combleted preliminary surficial/engineering geologic maps of part of the
study area.

2. Obtained logs and soils analyses from boreholes. These data, obtained from
private, state, and federal organizations, have been cataloged in a card file
and currently are being synthesized.

3. Completed a comprehensive engineering soils study of the Government Hill
area in Anchorage. The report and map present systematic geologic descriptions,
facies changes, and engineering characteristics of the Bootlegger Cove Clay.

4. Discovered a conspicuous lineament that appears to be an active segment of

a fault which splays out from the Castle Mountain Fault to the north and extends
under Cook Inlet to the south. This lineament trends northeast-southwest and
crosses a portion of the Susitna Lowland which is underlain by sediments of late
Wisconsinan age, and it is located only 17 kilometers northwest of the city of
Anchorage.

5. Observed that normally unstable bluffs in the Anchorage area are relatively
stable in areas where ground-water drainage is good. This suggests that unstable
bluff areas might be buttressed by installing horizontal drains which would
accelerate and localize drainage of ground water.
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Compilation of Regional Geological and
Seismic Site Characteristics

9940-02087

J. F. Gibbs
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2030

Investigations

1. Investigate dependencies of measured site amplification, observed 1906
earthquake intensities, and physical properties of near surface geologic
units on downhole velocity and geologic logs, to develop generalized
guidelines for predicting earthquake ground motions on a regional scale.

2. Collect seismic velocity data, physical property data, and geologic data
in drill holes to develop an improved data base for seismic zonation of the
metropolitan Los Angeles Basin.

3. Provide site characteristics (shear and compressional wave velocities,
geologic logs, etc.) at locations of important strong motion records.

Results

1. A map showing units with a distinct range of shear wave velocity has
been completed for San Mateo County, Calif. The digitized map combines
geologic units on the basis of similar near surface geotechnical and
physical property data. In situ measurements of shear wave velocities are
used to differentiate the seismically distinct units. The purpose of the
map is to provide a basis for defining the earthquake shaking hazard due to
near surface geologic conditions.

2. Nineteen new locations were drilled in the Los Angeles area to
supplement the seismic zonation data base in this region.

3. Of the 19 new drill holes in the Los Angeles area 16 are at locations of

strong motion instruments. Most of these locations have recordings from the
1971 San Fernando, Calif. earthquake. '

ReEorts

No reports were published during this report period.
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Ground Response Along the Wasatch Front
9940-01919

W. W. Hays
Office of Earthquake Studies
905 National Center
Reston, VA 22092
(703) 860-6473

Investigations

1. Research to improve fundamental knowledge about how the local geology
along the Wasatch front affects ground response was continued. The activities
mainly involved processing and analysis of the 109 velocity time histories
recorded at sites in Salt Lake City, Provo, Ogden, Logan, and Cedar City,
Utah. Analysis consisted of correlating the characteristics of the time
histories, response spectra, and site transfer functions with the local and
regional geology. Drillers logs were acquired and some geological field work
was performed in the Salt Lake City, Provo, Ogden areas to refine the
preliminary correlations of ground response with the local geology .

Results

1. The horizontal ground response of sites underlain by unconsolidated
material, relative to that of a rock site on the Wasatch front, is similar for
the Salt Lake City and Provo areas, but it differs somewhat for the Ogden
area. In Salt Lake City and Provo, the response in the 0.2-0.7 second period
band increases from east to west from the front and correlates with an east to
west increase in thickness, water content by weight, and percentage of fine-
grained material. In Ogden, a relatively large area of low ground response
exists for this period band west of the town in an area thought to be
underlain by deep, saturated, fine-grained unconsolidated material. The
ground response, relative to rock, suggests that this area may be underlain by
dryer and/or coarser material. Field work is planned to resolve this apparent
anomaly which could affect future seismic zoning decisions.

Reports

1. Hays, W. W., 1980, Earthquake Prediction: An opportunity to improve
ground-shaking hazard maps in Latin American Cities (abs.),
International Seminar on Earthquake Prediction and Evaluation of the
Danger and Seismic Risk, October 20-24, 1980, San Juan Argentina.

2. Hays, W. We, Miller, R. D., and King, K. W., 1980, Ground Response in the

Salt Lake City-Ogden-Provo, Utah, Urban Corridor, World Conference on
Earthquake Engineering, 7th, Proceedings, v. 2, p. 89-96.
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Sonoran Earthquake of 1887:
Earthquake Tectonics of Southern Arizona, Sonora, and Chihuahua

9540-02685

Darrell G. Herd
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2951

Investigations

1. A reconnaissance field investigation of the 1887 Sonoran earthquake fault
near Agua Prieta, Sonora, was made during May and June of 1980. The
earthquake, which occurred on a fault along the east side of San Bernardino
Valley (in extreme northeastern Sonora) on May 3, 1887, was one of the most
severe in interior North America. Probably of magnitude 7, the earthquake
nearly leveled the village of Bavispe, Sonora (it damaged buildings throught
southeastern Arizona), and was felt as far away as Mexico City (nearly 1600 km
distant). The length of the fault was examined to establish whether the
entire fault broke in 1887, and if there was evidence of pre-1887
displacement. Measurements of scarp height and slope angle were made
systematically along the length of the fault. Two other neighboring,
geologically recent faults in San Bernardino Valley, which occur west of the
1887 Sonoran rupture, were inspected to see if they broke in 1887.

2. A brief field examination was made of a small recently active fault at the
east side of Animas Valley in extreme southwestern New Mexico (about 40 km
northeast of the Sonoran earthquake fault), and of a second, larger fault that
occurs in the next valley west of San Bernardino Valley, near Fronteras,
Sonora.

3. A second reconnaissance field investigation of the 1887 rupture is planned
for late November-December 1980

Results

1. Nearly the entire length of the recenty active fault at the foot of the
Sierra de San Luis, on the extreme east side of San Bernardino Valley, appears
to have ruptured in 1887. Except perhaps at the extreme northern end of the
fault (north of Arroyo Cajon Bonito), the break appears to be almost
completely of one age. There is rubble at the base of the scarp, but the
scarp itself appears largely original. It is generally steep (from nearly
vertical to 30-60" in dip) and relatively unbattered. Only one facet can be
recognized along most of the fault scarp, suggesting that the break is
entirely of 1887.

However, there is evidence that there may have been another faulting
episode only several hundred years before the earthquake of 1887. Terraces
flanking Arroyo de los Embudos are offset about 2.7 m by the 1887 fault, but
the floodplain of the stream is displaced only 1.6 m. The difference in throw
may record a pre-1887 earthquake that was accompanied by nearly 1 m of
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displacement. If true, this earthquake was presumably only several hundred,
or at most a few thousand years before the Sonoran earthquake of 1887. There
could not have been any significant time between these earthquakes, or
presumably the fault scarp would record more than the single faulting event
that is evident.

The recently active fault at the west side of San Bernardino Valley,
opposite the 1887 break, does not appear to have been actlve in historic
time. That fault scarp is degraded, low-dipping (about 200 ), and rilled. The
third recently active fault in San Bernardino Valley, which follows the axis
of the valley (paralleling the Rfo San Bernardino just to the east) may have
been active in 1887. The location of the third fault crudely corresponds to
ground breaks mapped west of the main fault by José Aguilera shortly after the
earthquake in 1887. There is a small, fresh-looking facet along part of the
fault, especially near Hacienda Cuchuverachic.

2. The small (less than 10-km long) fault break along the west side of Animas
Valley in extreme southwestern New Mexico appears to have been active in
latest Quaternary (Holocene?) time, but it apparently did not rupture in

1887. The east-facing scarp is slightly battered and back-wasted, and has no
fresh-looking face. There is no apparent relationship between this fault and
those in neighboring San Bernardino Valley.

Similarly, the fault southeast of Fronteras, Sonora, was not active in
historic time. The fault, which borders the west front of Cerro Los Fresnos
(east of Arroyo Fronteras), extends south to at least near Esqueda. The fault
is nearly vertical to steeply west-dipping (normal), locally juxtaposing late
Quaternary alluvium against older Mesozoic-age rocks. The fault nowhere
appears to have been active in Holocene time.
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Neotectonics of the San Francisco Bay Region, California
9540-01950

Darrell G. Herd
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefied Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2951

Investigations

1. A study of the earthquake ground-acceleration hazard in the San Francisco
Bay region was concluded. The project, a cooperative investigation with R.K.
McGuire and K.M. Shedlock of the Branch of Earthquake Tectonics and Risk
(Project No. 9950-01733, Methodologies for Seismic Risk Assessment),
calculated future ground-shaking intesities in the San Francisco Bay region.
Earthquake frequency in the Bay area was calculated from fault slip and
seismic moment.

2. Historic earthquake frequency in the San Francisco Bay region was compared
to that predicted from fault slip and seismic moment to determine if
earthquake production in the Bay area is uniform through time. The apparent
cyclic occurrence of earthquakes in the central Coast Ranges was explored
cooperatively with William L. Ellsworth (Project No. 9930-02103, Seismic
Studies of Fault Mechanics) and Allan G. Lindh (Project No. 9930-02098,
Parkfield Prediction Experiment) of the Branch of Seismology.

3. Map syntheses (scale 1:250,000) of recently active faults and seismicity
(1969-1977) in the San Francisco Bay region were prepared with William L.
Ellsworth.

4, An international investigation of the December 12, 1979 Tumaco, Colombia
earthquake (magnitude v8) was continued. The earthquake is being studied
jointly with T. Leslie Youd of the Engineering Geology Branch (Project No.
9550-01629, Experimental Mapping of Liquefaction Potential), Waverly Person
and Carlos Mendoza of the National Earthquake Information Service, and members
of the Colombian Instituto Nacional de Investigaciones Geologico-Mineras (the
Colombian Geological Survey).

Results

1. Earthquake frequency predicted from fault slip and seismic moment suggests
that there should be, on average, magnitude-5 earthquakes in the San Andreas
fault system north of Hollister every 1.0 years, magnitude-6 earthquakes every
3.6 years, and magnitude-7 events every 36.1 years. The annual activity of
faults in the San Francisco Bay region is derived from Molnar's "rate of
occurrence of seismic moments" by multiplying the annual seismic moment of a
fault by the fractional moment contribution of a given range of earthquake
magnitudes.

2. Earthquake production in the San Francisco Bay region is not uniform
through time. During the nearly 100 years of recorded history before the
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great 1906 San Francisco earthquake there were substantial numbers of M. 5, 6,
and 7 earthquakes in the San Francisco Bay region on the San Andreas and east
Bay faults. Since 1906, damaging earthquakes (those generally of M>5) have
been infrequent in the northern Coast Ranges. There were no M>5 earthquakes
in the entire San Andreas fault system north of San Jose until 1955.

The discrepancy between the observed and predicted earthquake frequency can be
explained by the long-term slip rates of faults having ben improperly
estimated, or that the values chosen for the constants or the assumed forms of
the functions used to calculate Bay area earthquake frequency are in error.
However, the virtual absence of earthquakes of M>5 since 1906 north of San
Jose cannot be accounted for by uniform earthquake production. Earthquake
activity in the San Francisco Bay region appears dependent on the cycle of
stress release and recovery that accompanies very large earthquakes on the San
Andreas fault.

Reports

Accepted for publication:

Herd, D.G., Youd, T.L., Meyer, Hansjurgen, Arango, C., J. L., Person, W.J.,
and Mendoza, Carlos, 1980, Tumaco, Colombia earthquake (M “8) of 12
December 1979: Science article with cover.

Published:

Shedlock, K.M., McGuire, R.K., and Herd, D.G., 1980, Earthquake recurrence in

the San Francisco Bay region, California, from fault slip and seismic
moment: U.S. Geological Survey Open-file Report 80-999, 18 p.
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PUGET SOUND LOWLAND FOCUSED GEOPHYSICAL STUDIES
9460-71110

Mark L. Holmes
Branch of Pacific-Arctic Marine Geology
1107 N.E. 45th St., Suite 110
Seattle, Washington 98105
(206) 442-1995

Investigations

1. The 175 line-kilometers of marine gravity data and 12 of the 16 air gun sonobuoy
refraction profiles collected in central Puget Sound and Lake Washington during March
1980 (Fig. 1) have been reduced using standard procedures.

Results

1. The newly acquired marine gravity data have been combined with additional USGS
land stations and existing data from other sources to produce a detailed Bouguer anomaly
map for the central Puget Sound basin, including Lake Washington. The west-trending
nose of the Lake Washington gravity minimum has been sharpened and extended to the
west. The marine data show that the Bouguer gravity anomaly reaches a minimum value
of -129 mgal over central Lake Washington. The gravity gradient south of this minimum
reaches values up to 15 mgal/km over Puget Sound west of Seattle.

2. Several detailed land gravity lines were obtained over local topographic features in an
effort to utilize the "Nettleton profiling" technique to derive the average density within
the elevation range of the topography. Accurate density estimates for the sediment and
rock units in the Puget Sound basin are necessary meaningful gravity modeling of
subsurface density distribution. To date, only features composed of glacial deposits
(Vashon Till) have been profiled; the average density of these sediments is 2.10 g/ce. The
search is continuing for suitable topographic features composed of Tertiary rocks.

3. The airgun-sonobuoy refraction profiles were analyzed using the slope-intercept
method. No corrections for dipping interfaces or sea-floor topography irregularities have
been incorporated in the results. Severe interference from television audio and video
broadcasts prevented the acquisition of usable data from the first six sonobuoys
deployed. The problem was identified and modifications made to field procedures and
instrument systems for the remaining refraction work. Results from the successful
sonobuoy profiles are shown in Figure 2. The data show that greater thicknesses of low
velocity material exist north of the east-west gravity gradient extending through Seattle
than south of the gradient. Comparison of the various velocity units with seismie
reflection and borehole data suggests the following correlations: 1.8 km/s — Holocene
sediment; 2.1-2.6 km/s — Pleistocene deposits; 2.7-4.0 km/s — Tertiary sedimentary
rocks; and 5.5 km/s Tertiary volcanies.

4. A least-squares inversion program has been developed to permit the modeling of the
subsurface density distribution to a depth of 16 km in the central Puget Sound basin. The
model has been used only in an unconstrained mode so far; data from the Nettleton
density profiles and density data from various published compressional velocity versus
density curves will be used to establish geologically realistic constraints for future
modeling efforts. Results to date suggest that the steep east-west gravity gradient is
associated with a shallow (<4 km) linear zone where the density contrast approaches 0.50
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g/cc. There is also a deeper-seated regional component to the anomaly involving a
density contast of only 0.05 - 0.10 g/ce. These preliminary results could be explained by
a steep normal or reverse fault 5-7 km deep with an accumulation of low density
sediment on the north side of the fault within the upper 3-4 km of section.
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Tectonics of Central and Northern California
9950-01290

William P. Irwin
Branch of Earthquake Tectonics and Risk
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2065

Investigations

1. Tectonic relations of COp discharges and seismicity, in collaboration
with Ivan Barnes.

2. Paleomagnetic orientation of Eastern Klamath terrane, in collaboration
with S. C. Gromme and E. A. Mankinen.

3. Dating of tectonically accreted oceanic terranes ("microplates") of
central Klamath Mountains, in collaboration with D. L. Jones.

Results

1. The relation of carbon dioxide discharges to tectonically active
regions of the conterminous United States is shown on a map that has been
prepared for publication at a scale of 1/2,500,000 (Irwin and Barnes, in -
press). The carbon dioxide discharges occur in natural springs and in some
wells that have been drilled for hydrocarbon gas and oil. The carbon
dioxide rich springs are concentrated mainly along seismically active zones
in the Pacific Coast region. Most of the carbon dioxide rich gas wells are
in the western part of the North American craton, where the craton is being
actively rifted. A map showing the worldwide distribution of carbon
dioxide discharges in relation to seismicity is being revised.

2. A thick stratigraphic section of Upper Paleozoic volcanic rocks of the
Eastern Klamath terrane was core drilled for paleomagnetic study.
Paleomagnetic studies by other workers indicate that the Tertiary and older
rocks north and east of the Klamath province have undergone substantial
clockwise rotation, and a similar rotation has been postulated for the
Klamath block. Paleomagnetic study of the upper Paleozoic section is
important to determine whether the Klamath block participated in the
tectonic rotational event, and also may point to the paleolatitude at which
the upper Paleozoic volcanic arc developed. We previously core-drilled
patches of Cretaceous sedimentary strata of the Great Valley sequence that
lie on the older Klamath rocks, but these strata are remagnetized too
strongly to yield their original magnetic imprint. Preliminary results of
laboratory study of the drill cores of Paleozoic rocks are not yet
available.
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3. The ages of ophiolitic and other oceanic rocks, and the times of their
incorporation into the continental borderland as "microplates", are best
determined in some instances by study of radiolarians in associated ribbon
cherts and tuffs. The North Fork terrane of the central Klamath Mountains
was sampled for radiolarian-bearing cherts at several transects at
intervals along its linear north-trending extent. Preliminary results of
the sampling indicate that the cherts are dominantly late Paleozoic in age
at the south end of the terrane, dominantly Early or Middle Jurassic at the
middle latitudes, and dominantly Triassic in the Salmon River region to the
north. The late Paleozoic radiolarian fauna found in the southern part of
the terrane was previously unknown in North America. The differences in
ages of the radiolarian faunas at the various transects may indicate that
the North Fork terrane is more highly segmented than previously considered,
and raise the possibility that the various segments may not have accreted
to the continental borderland during a single tectonic event.

Reports

Barnes, Ivan, and Irwin, W. P., 1980, Carbon dioxide discharges and
seismicity throughout the world (abs.): International Geological
Congress, 26th Meeting, Paris, v. 3, p. 1083.

Irwin, W. P., and Barnes, Ivan, 1980, Tectonic relations of carbon dioxide
discharges and earthquakes: Journal of Geophysical Research, v. 85,
no. B6, p. 3115-3121.

Irwin, W. P., and Barnes, Ivan, 1980, Map showing relation of carbon dioxide
rich springs and gas wells to the tectonic framework of the
conterminous United States: U. S. Geological Survey Miscellaneous
Investigations Map, scale 1/2,500,000, in press.

Irwin, W. P., Murchey, B. L., Jones, D. L., and Kling, S. A., 1980, Mid-
Cretaceous radiolarians in Perapedhi Formation, Cyprus (abs.): VIth
Field Ophiolite Conference, Scientific Session, Florence, Italy, in
press.
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A New Method of Alluvial Age Dating Based on
Progressive Weathering, with Application to the
Time-History of Fault Activity in Southern California

14-08-0001-17760
Barclay Kamb and Richard Crook, Jr.

Division of Geological and Planetary Sciences
California Institute of Technology
Pasadena, California 91125
(213) 795-6811

Investigations

1.

Results

1.

Using the standardized CSV method as discussed in the semi-annual
report, several more deposit groups were tested.

Additional samples were collected from the oldest alluvial units
for paleomagnetic measurements to provide an age constraint on
these units.

All CSV data was evaluated and statistical tests applied to
determine the reliability of the method.

With the inclusion of the additional sites, the group means of
the four age groups (Crook et al., 1979) are all separable at
greater than 99 percent confidence using a one-tailed t-test.
Results of the paleomagnetic determinations indicate a high
probability that the oldest deposit tested in San Gabriel Canyon
was deposited during the Matuyama reversed-polarity epoch but
that the soil developed at its surface was developgﬁ during the
present normal polarity epoch, suggesting the deposit is approx-
imately .73 million years old.

Using the paleomagnetic data in addition to a radiocarbon date

of a deposit in San Gabriel Canyon obtained by William Bull, a
first approximation of a velocity/age correlation curve was
determined. This curve and the CSV data suggest that the alluvial
deposits do not readily fit a simplified age classification but
rather have a continuous age distribution. This affirms the need
for a relative-dating technique such as the CSV method.
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Paleomagnetic Dating of Holocene Deposits Along
the San Andreas Fault in Southern California

14-08-0001-19101

E. Keller, M. Fuller, R. Dodson
Department of Geological Sciences
University of California
Santa Barbara, California 93106
(805) 961-3415

Goals

The primary objective of this study is to develop a new method
of dating Holocene deposits adjacent to active faults. This will
involve measuring the secular variation of the declination, inclin-
ation and intensity of the magnetic remnance of cores collected
from various Holocene deposits in southern California.

The first phase of the study is to establish a magnetic stan-
dard for the Holocene in southern California, calibrated to various
"absolute" age dates. This will be accomplished by measuring marine
cores from deep basins within the southern California Borderland.
There sedimentation is slow, continuous and at a constant rate;
ideal conditions for preservation of the complete magnetic record
for the Holocene. Age control will be provided by varve counts
and radiocarbon dates.

The second phase of the study involves collecting cores or
columns of sediment from shallow estuaries from Oceanside to San
Diego and from dry lakes in the Mojave Desert. Both environments
provide the most suitable conditions for establishing an on-land,
Holocene secular variation curve. The final phase is collect-
ing and measuring cores from faulted Holocene sediments along the
San Andreas fault.

Investigations

The investigation to date has accomplished the following:

(1) Measured secular variation for three gravity cores
from the southern California Borderland, obtained
from Scripps Institution of Oceanography, two from
the Santa Cruz Basin and one from the southern end
of the Arguello fan.
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Results: The mean inclination and the variation in
inclination and declination recorded in the Arguello
fan core are consistent with the dipole inclination
and its secular variation. Provided several cores
of sufficient time span can be collected from this
area, they should provide a good control record.

(2) Two sites, Coyote Dry Lake and Koehn, have been
trenched and columns of Holocene(?) sediment col-
lected from the walls. Charcoal was collected
from the Coyote Dry Lake site, and a lake clay
previously dated at 14,700 + 130 years B.P., was
encountered at the Koehn Lake site. Paleomagnetic
records from these sites are now being evaluated.
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ATaska Seismic Studies
9940-01162

John C. Lahr
Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middiefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2510

Investigations

1. Seismic data are collected and analyzed from a network of stations
extending across southern Alaska from the active volcanoes bordering
western Cook Inlet to Juneau, Alaska and as far north as the Talkeetna
Mountains. This data establishes an important base of information for the
study of the tectonic deformation, the potential for moderate-to-large
earthquakes, and the nature of strong ground motion in southern Alaska.

2. The coastal stations east of Kayak Island are funded by NOAA's Outer
Continental Shelf Environmental Assessment Program (OCSEAP). Data obtained
from this network are particularly important for establishing criterion for
safe oil development on the shelf.

3. A network consisting of one three-component and four vertical component
seismic stations is being established with Army Corps of Engineers' funding
this fall to monitor the seismicity around the proposed Bradley Lake
Hydroelectric Project. Although it is already known that the active
Aleutian megathrust underlies the project area at about 45 km depth,
detailed analysis of the data to be collected should help to establish
whether there are any other active faults nearby.

4. Carry out long-term seismic and crustal deformation studies in the
Kayak Island-Yakutat seismic gap area in order to document premonitory
earthquake phenomena prior to large-to-moderate earthquakes.

Results

1. During the past six months, data processing has remained on schedule
and preliminary earthquake locations have been obtained for February-July
1980. Aftershocks from the 1979 St. Elias earthquake continue to be the
dominant feature in the distribution of epicenters. Two of the largest
aftershocks (My~ 5.2, 5.1) in the sequence occurred on June 30, 1980
immediately east of Icy Bay. Another notable feature of the recent
seismicity is a concentration of earthquakes along a north-northeast
trending zone located about 50 km northwest of Anchorage. These events are
located within the Benioff zone at a depth of 40 km, consistent with their
occurrence on or near the thrust zone between the crust and the underthrust
Pacific plate. Catalogs of earthquakes in southern Alaska for October-
December 1979 and January-March 1980 have received Director's approval.
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2. Since the 1979 St. Elias earthquake greater emphasis has been placed on
instrumenting the remaining seismic gap between Icy Bay and Kayak Island
(called the Yakataga gap) with strong motion instruments. The chance for a
magnitude 7 or larger earthquake to occur within this region during the
next several years is judged to be equal to or greater than that for any
other seismic zone in the United States. Strong motion data from within 25
km of a magnitude 7 or 100 km of a magnitude 8 earthquake would make an
important contribution to studies of the acceleration to be expected near
large earthquakes.

This past summer 6 additional strong motion instruments were installed,
bringing the total number operated by this project to 24. Of these, 9 are
within, and 7 are less than 100 km from the region of the Yakataga gap.

3. The high-gain seismic network configuration is being modified in
response to recent fiscal changes. Due to reduced OCSEAP funding, the
telephone line between Cape Yakataga and Palmer will no longer be Teased
and 8 fewer components of seismic data from the eastern Gulf of Alaska will
be recorded. A new station was established at Juneau, however, to improve
coverage between Yakutat and Sitka.

One three-component and four single-component stations are being
installed near the proposed Bradley Lake Hydroelectric Project with funding
from the Army Corps of Engineers. Paper records from two of the stations
recorded on a helicorder will be used in scanning for nearby earthquakes.
The develocorder film-records will be utilized for timing phases.

Reports

Lahr, J. C. and Plafker, George, 1980, Holocene Pacific-North American Plate
interaction in southern Alaska: Implications for the Yakataga seismic
gap: to Geology, v. 8, p. 483-486.

Moore, G. W., Page, R. A., and Lahr, J. C., 1980, Earthquake potential and
ground motions for the Pillar Mountain landslide, Kodiak, Alaska,
U.S. Geological Survey Open-File Report 80-

Stephens, C. D., Lahr, J. C., Fogleman, K. A. and Horner, R. B., 1980, The
St. Elias, Alaska earthquake of 28 February 1979: Regional recording
of aftershocks and short-term pre-earthquake seismicity, Bulletin of
the Seismological Society of America, v. 70, p. 1607-1633.

Stephens, C. D., Fogleman, K. A., Lahr, J. C., Helton, S. M., Cancilla,
R. S., Tam, Roy, Freiberg, J. A., 1980, Catalog of earthquakes in

southern Alaska, January-March 1980, U.S. Geological Survey Open-File
Report 80- .

Stephens, C. D., Lahr, J. C., Fogleman, K. A., Helton, S. M., Cancilla,
R. S., Tam, Roy, Baldonado, K. A., 1980, Catalog of earthquakes in
southern Alaska, October-December 1979, U. S. Geological Survey
Open-File Report 80-
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Coastal Tectonics, Western U. S.
9940-01623

Kenneth R. Lajoie
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2642

Investigations

1. Continuation of mapping and dating late Quaternary marine terraces and
deposits from numerous coastal sites in western U. S. with emphasis on
Humboldt County, Ventura County and San Diego Counties, California. Project
personnel are George Kennedy, paleontologist/geologist; Scott Mathieson,
geologist, and Samuel Morrison, PST. Cooperative projects are with Andrei
Sarna-Wojcicki and Robert Yerkes (0OEG) in the Santa Barbara-Ventura counties
region, Gerald Weber (U.C. Santa Cruz) in San Mateo County, Philip Kern (San
Diego State University) and Patricia McCrory (OMG) in San Diego County,
Preston Cloud in Mono County and Yoko Ota on the Boso Peninsula, Japan.
Cooperative dating projects are with John Wehmiller (University of Delaware),
Steve Robinson (USGS) and Joseph Liddicoat (Lamont-Doherty Geological
Observatory).

2. Visited logged trenches across faulted terraces in Humboldt Bay region
excavated by Tom Stephens (Woodward/Clyde Consultants).

3. Reviewed marine terrace soils in coastal San Mateo County with Terry Cooke
and Jim Kashiwagi (U.S. Soil Conservation Service).

4. Visited Japan to attend International Geographical Congress and tour
tectonically deformed fluvial and marine terraces in coastal regions of
cenﬁral Honshu. Funds for travel from UNESCO/IGCP Project 61 and personal
savings.

Results

1. Thrust faults exposed in trench (Woodward/Clyde Consultants) cut marine

terrace deposits north of the College of the Redwoods in Humboldt County. Age
of terrace uncertain, probably late Pleistocene.

2. Radiocarbon dates on wood and fossil shells from Holocene terraces in
Humboldt and Ventura Counties show no consistent pattern of increasing age
with increasing elevation. A1l ages are less than 8 kA and yield tectonic
uplift rates of greater than 1 m/kA. Experiments to evaluate the 14C dates
were not conclusive.
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3. A marine terrace at an elevation of 150 m in Ventura County was predicted
to be 26 kA based on uplift rates derived from other dated terraces. Marine
fossils from this terrace yield a 14C age of 26 kA. However, other shell
samples from older terraces in the area yield younger 14C ages. The

veracity of all the 14C dates on shell in this area must be checked
carefully.

4. The cool temperature aspect of the marine molluscan fauna from the Cojo
Canyon area at Point Conception tentatively places the age of the faulted and
folded marine terrace on which it is found at 85 kA. Amino-acid data from
this fauna yield an age of 40-85 kA. Temperature aspect and amino-acid data
correlate this fauna with those found to the east on the lowest terrace at
Gaviota and Arroyo Hondo.

5. Summarized sea-cliff erosion data along a tectonically downwarped marine
terrace in Half Moon Bay, San Mateo County. Man's activities in the shoreline
area have greatly accelerated sea-cliff erosion where unconsolidated marine
terrace deposits are exposed to wave action but are normally protected by
broad sandy beaches at dynamic equilibrium. Other tectonically downwarped
areas along the California coast also may be sensitive to the artificial
modification.

6. Active geologic process (erosion and sedimentation) on emergent marine
terraces generally dominate pedogenic processes so soils can not be used for
dating and correlating.

7. Shells from a new marine fossil locality on the third emergent marine
terrace on Mt. Soledad in San Diego County yield amino-acid ratios consistent
with its' geologically estimated age of 200-300 kA. At least five emergent
terraces on Mount Soledad dip southward toward Mission Bay. Previous work by
others documented one major warped terrace on Mount Soledad.

8. Calcite-cemented defluidization structures in littoral sands on the south
shore of Mono Lake in Mono County are associated with shallow-water tufa

deposits. Similar structures in old deposits in the basin mark paleo-lake
highstands.

9. Four Holocene emergent marine terraces on the Boso Peninsula near Tokyo,
Japan (mapped by Yoko Ota) record at least four major tectonic events over the
past 6 kA in that region. Maximum vertical uplift associated with the 1703
earthquake was 4.5 m; maximum uplift associated with the 1923 earthquake was
1.5 m, Study of these terraces in Japan will assist in the interpretation of
similar features along the California coast near Point Conception, Point
Buchon, and Pitas Point.

Reports
Weber, G. and Lajoie, K. R., 1980, Map of Quaternary faulting along the San

Gregorio fault zone, San Mateo and Santa Cruz Counties, California: U.S.
Geol. Survey Open-File Report (in press).
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Wasatch Front Surficial Geology
9550-01622

Robert D. Miller
Engineering Geology Branch
U.S. Geological Survey
Box 25046, Mail Stop 903
Denver, Colorado 80225
(303) 234-2960

Investigations

1. The Wasatch Front Surficial Geology project area has been separated into two
segments; a northern segment that contains the urbanized east and southern por-
tions of the Great Salt Lake valley, and a southern segment that contains the
urbanized portion of Utah Lake valley. The surficial deposits in both segments
are being grouped into map units based on selected physical properties so that
others can use the data in dground response and microzonation studies along the
Wasatch Front.

Results

The project was unfunded during the last six months of fiscal year 1980. During
that interval the following was accomplished:

1. A basic-data report of geotechnical tests on samples from test holes at five
sites along the Wasatch Front, and of in-hole geophysical results at those sites
has received peer technical review and Branch approval for open-file release.

2. The Utah Lake valley surficial geologic map (1:100,000) that was previously
conpiled was field checked and additions added to the map using the Kern stereo- -
plotter. It is waiting completion.

3. The selection of physical property data obtained from tests on samples
collected as part of the earlier field study is complete and ready for placing on
the base map of the northern segment of the Wasatch Front area.

4, Two papers were presented at the Rocky Mountain Section of the Geological
Society of America at Ogden, Utah.

Reports

Hays, W. W., Miller, R. D., and King, K. W., 1980, Ground response in the Salt
Lake City-Ogden-Provo, Utah, urban corridor: World Conference on Earthquake
Engineering, 7th, Ankara, Turkey, 1980, Proceedings, 6 p., with figures.

Miller, R. D., 1980, Surficial geologic map along part of the Wasatch Front, Salt
Lake valley, Utah: U.S. Geological Survey Miscellaneous Field
Investigations Map MF-1198, 2 maps and pamphlet.

Scott, W. E. McCoy, W. D., Shroba, R. R., and Miller, R. D., 1980, New
interpretations of the late Quaternary history of Lake Bonneville, Western
United States abs.: AMQUA, Biennial Meeting, 6th, Orono, Maine, August 18-
20, 1980.
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Earthquake Hazards Studies, Upper Santa Ana
Valley and Adjacent Areas, Southern California

9540-01616

Douglas M. Morton and Jonathan C. Matti
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 9u4025
(415) 323-8111, ext. 2353, 2358

Investigations

1. Studies of the Quaternary history of the upper Santa Ana Valley. Emphasis
is currently on: (a) the three-dimensional distribution of the valley fill
and its lithologic, lithofacies, and pedogenic character; and (b) generation
of liquefaction susceptibility and liquefaction opportunity maps.

2. Studies of the Banning Fault zone. The study has focused on: (a) mapping
fault strands that deform crystalline basement rocks, Tertiary sedimentary
rocks, and Quaternary surficial units; (b) evaluating the sedimentary and
tectonic evolution of Tertiary sedimentary units within the fault zone; and
(e¢) identification of Quaternary units to establish Quaternary depositional
patterns and the relative ages of fault strands within the Banning Fault
system.

3. Studies of fault zones of the southeastern San Bernardino Mountains and
the eastern San Gabriel Mountains. The emphasis focuses on identifying the
relative ages and activity along various fault strands within the San Andreas-
San Jacinto system. Current emphasis is on: (a) geometry and kinematics of
interactions between San Andreas-type right-lateral faults and Transverse
Range-type reverse and thrust faults; and (b) further refinement of ground-
rupture recurrence intervals, based on fault scarp morphology.

4., Studies of Quaternary surficial materials within the Perris block. The
emphasis focuses on delineation of surficial materials in terms of their
ground response characteristics.

Results

1. Geologic mapping in the San Gorginio Pass area has resulted in our being
able to extend what is termed the "Banning Fault zone" from Whitewater on the
east to the Calimesa area on the west. The oldest structure within this zone,
the Banning "A" strand, juxtaposes basement rocks of the southern San
Bernadino Mountains against Tertiary sedimentary rocks. West of Cabazon, the
Banning "A" strand appears not to have had ground-rupturing displacements
during the last 500,000 to (?) 1.0 m.y. The Banning "A" strand is overlain by
young Quaternary alluvium north of Beaumont and west of the Calimesa area.
Faults west of Calimesa, in the lower San Timoteo-Live Oak Canyon area,
previously assigned to the Banning Fault, most likely are tectonic features
associated with the Crafton Hills tectonic block, a horst-like feature bounded
by geomorphically young normal-appearing faults that break young Holocene
alluvium. Throughout the Banning Fault system, a group of intermediate age
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strands, here termed the Banning "B" group, offset crystalline basement,
Tertiary rocks, and some dissected alluvial units possibly as young as 5000-
8000 years (based on a preliminary comparison of their pedology with the soils
chronosequence proposed by Bull, Menges, and McFadden in the San Gabriel
Mountains). Faults of the Banning "B" group extend from Whitewater west to the
vicinity of Live Oak Canyon. Faults comprising the Bannning "C" group offset
very young alluvium probably less than 1000 years old. The Banning "B" and "C"
strands probably are all thrust faults and reverse faults that probably are all
related to each other, and the modern (younger Quaternary) history of the
Banning Fault zone is distinctly Transverse Range in flavor. Interaction
between Transverse-Range elements of the Banning Fault zone and right-lateral
elements of the San Andreas-San Jacinto family remains troublesome. At the
eastern extent of the Banning "A","B", and "C" strands (where the right-lateral
segment of the Banning Fault exits the Coachella Valley and enters San Gorgonio
Pass), we can identify at least three miles of right-lateral displacement in
the last 500,000 years, and at least 11 miles of right-lateral displacement in
the last 7 million years--both displacements occurring on the Banning "A"
strand. Because the Banning "A" strand has been inactive along its westward
extent during the last 0.5 to (?) 1.0 m.y., we conclude that during the late
Quaternary, minor right-lateral displacements along the Banning "A" have been
shunted northwestward to the south branch of the San Andreas fault via Potrero
Canyon and Burro Flats. Older right-lateral displacements accounting for part
of the 11-mile minimum offset must have occurred on a through-going Banning "A"
strand, identified today as far west as Calimesa.

2. Based on mapping in the southeastern San Bernadino Mountains, we conclude
that the Mill Creek Fault (Allen, 1957; Dibblee, 1968, termed this structure
the north branch of the San Andreas Fault) is locked or is abandoned as a
right-lateral fault. The Mission Creek Fault (Allen, 1957; extended by Ehlig,
1977), possibly a major strand of the San Andreas family, also appears to be
locked up or abandoned. Field observations indicate that the Mill Creek Fault
is younger than the Mission Creek Fault. The Mill Creek system apparently
represents a renewed episode of right-lateral slip that developed after the
Mission Creek system had locked up or had been abandoned. Following left-
lateral shearing and/or faulting that locked up the Mission Creek system, slip
along or near the former trace of the Mission Creek fault re-established an
episode of right-lateral displacements represented by the Mill Creek fault
system. Both faults may now be extinct or temporarily abandoned strands.
These preliminary conclusions suggest that the Mill Creek/Mission Creek
connection may be a fossil analog for competitive interaction between
Transverse-Range and right-lateral fault systems--an interaction presently
observed in the Banning Fault zone and at the intersection between the San
Jacinto and Cucamonga Fault zones. .

References cited

Allen, C. R., 1957, San Andreas Fault Zone in San Gorgorio Pass, Southern
California: Bulletin of the Geological Society of America, v. 68, p. 315-
350.

Dibblee, T. W., Jr., 1968, Displacements on the San Andreas fault system in the
San Gabriel, San Bernardino, and San Jacinto Mountains, southern
California, in Dickinson, W. R., and Grantz, Arthur, editors, Proceedings
of conference on geologic problems of San Andreas fault system: Stanford
University Publications in Geological Sciences, v. XI, p. 260-278.
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Geologic Earthquake Hazards in Alaska
9310-01026

George Plafker
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road, MS 17
Menlo Park, CA 94025
(415) 323-8111

) ext. 2201
Investigations

1. Marine terraces in the Icy Bay segment of the Yakataga seismic gap were
investigated to provide information on the rate and amount of Holocene uplift.

Results

1. A sequence of as many as three marine terraces extend for 52 km between
Icy Cape and Cape Yakataga in an area identified as a seismic gap along the
Pacific-North American plate margin. Raised shorelines at approximately 46 m,
24+ 3 m, and 12 m near Icy Cape decrease in elevation westward toward Cape
Yakataga. Each terrace is characterized by remarkably similar sequences of
beach and lagoonal deposits on surfaces cut into both older unconsolidated
deposits and bedrock. These sequences are in turn overlain by younger stream
deposits as thick as 15 m. Layers containing peat, wood, or organic sediment
occur within the lagoonal facies on each terrace. Preliminary Cl"* dates on
the organic materials indicate terrace ages of about 5,000, 2,500, and 1,000
B.P. Episodic emergence during a period of rising to stable eustatic sea
level requires that the terraces be primarily tectonic in origin, although
their heights may be accentuated near Icy Bay by an isostatic component. The
indicated average uplift rate is 9 mm/yr near Icy Cape and possibly half this
rate near Cape Yakataga. If terrace uplifts correlate with major tectonic
earthquakes, the indicated recurrence interval would be 1,500 to 2,500 yr,
with maximum uplift steps of 12 to 22 m. Because plate-convergence rates
along this part of the Pacific margin are 5-6 cm/yr, the terraces probably
record only part of the seismic record in this structurally complex and
tectonically active region.

Reports

Lahr, J. C., and Plafker, George, 1980, Holocene Pacific-North American plate
interaction in southern Alaska: Implications for the Yakataga seismic
gap: Geology (in press).

Nakamura, K., Plafker, George, Jacob, K. H., ahd Davies, J. N., 1980, A
tectonic stress trajectory map of Alaska using informaticn from volcanoes
and faults: Bulletin of the Earthquake Research Institute, v. 55, pt. 1,
p. 89-100.

Plafker, George, and Campbell, R. C., 1979, The Border Ranges fault in the
Saint Elias Mountains, in Johnson, K, M., and Williams, J. R., eds., The
United States Geological Survey in Alaska: Accomplishments during 1978:
U.S. Geological Survey Circular 804-B, p. B102-B104.
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Seismic Zonation Studies in L.A. Basin
9940-01730

A. L. Rogers
Branch of Ground Motion and Faulting
U. S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4041

Investigation

Statistical analysis of site transfer functions (STF) and tests of equality
between nuclear and earthquake derived STP.

Results

Geographical grouping of alluvium and base station sites for earthquake and
nuclear STF computations results in improved correlations, indicating that
path and source effects are present in the earthquake data that are not
present in the nuclear data. Calculation of 95% confidence bounds for the
grouped data indicates that the nuclear and earthquake functions are
statistically equal for a high percentage of the data.

One open-file report and one paper for outside publication describing these
results are nearly complete.
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Basement Tectonic Framework Studies
San Andreas Fault System

9950-01291

Donald C. Ross
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, CA 94025
(415) 323-8111, ext. 2341

Investigations

1. Continuation of field studies of the basement framework rocks on both
sides of the Kern Canyon-Breckenridge fault.

2. Complete first draft of Professional Paper entitled: Tectonic framework
of the metamorphic and plutonic rocks of the southernmost Sierra Nevada,
California (North to 350 30' N).

3. Petrographic study of thin sections of metamorphic and granitic rocks in
the area of the Kern Canyon-Breckenridge fault zone.

Results

1. Additional field work along the Kern Canyon-Breckenridge fault zone has
in several localities "reduced" the width of the fault zone, but has by no
means diminished its significance as a fundamental basement structure in the
southern Sierra Nevada. Rather wide zones of foliated, and in part sheared
granitic rocks on the east side of the fault zone, are sufficiently
discordant to the fault strike to suggest, at least in part, that they are
non-fault-related, older structures. Yet their general localization near
the fault zone is tantalizing and still being agonized over.

2. A distinctive belt of felsic metavolcanic rocks with well developed flow
structure has been traced to the east side of the fault zone, where it is
abruptly cut off--and so far has not been found across the fault. The flow
banding in this belt is easily confused with mylonite (at least I was fooled
until thin section study and closer field examination revealed well-
preserved quartz phenocrysts or clasts, which would have been invariably
crushed and ground down in a mylonite environment).

3. The most extensive metamorphic rock type on the west side of the fault
zone is a distinctive granular to pebbly quartzite that is surprisingly dark
for such a quartz-rich rock. The quartz grains are variable-sized, commonly
angular, and largely unsorted, which suggests that they represent a rapidly
“dumped" sediment. This unit has been identified across the fault on the
east and supports significant right-lateral offset on the fault zone.
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Report

Ross, D. C., 1980, A tectonic mystery--Basement rock clasts in the Temblor
Range, San Luis Obispo and Kern Counties, California: California
Geology, v. 33, n. 7, p. 153-157.

77



H3

Quaternary Stratigraphy of the Wasatch Front
9530-02174

W. E. Scott
Branch of Central Environmental Geology
U.S. Geological Survey
Denver Federal Center, MS 913
Denver, CO 80225
(303) 234-3353

Investigations

1. Conducted field investigations along the Wasatch Front and at Little
Valley near Promontory Point. Strip-mapping of faults and related deposits
was initiated in the Salt Lake Valley between Corner Canyon and Salt Lake
City, in the northern Utah Valley near Alpine, and in the southern Utah
Valley between Provo and Spanish Fork. In addition, stratigraphic studies
of foundation excavations and scarp measurements were continued in Salt
Lake City.

2. Led Rocky Mountain Section-Geological Society of America field trip
to view faults and Quaternary stratigraphy in the Big Cottonwood area.

3. W. D. McCoy, University of Colorado, collected additional calcareous
fossils from key stratigraphic units for amino-acid studies.

Results

1. Stratigraphic investigations yielded additional materials for radiocarbon
dating and amino-acid analysis (laboratory results pending) that will better
define the history of the last two cycles of Lake Bonneville. A tephra
(identification and age pending) was discovered at Little Valley that will
aid in our understanding of pre-150,000-year-old lake history.

2. Two areas in the Utah Valley contain evidence that suggests that rates
of faulting during the late Quaternmary have varied considerably, a possibility
that needs to be addressed in estimates of earthquake risk.

At the mouth of Dry Creek Canyon near Alpine, in the northern Utah Valley,
studies (in conjunction with R. R. Shroba) of faulted glacial and alluvial
deposits reveal that the average rate of faulting during latest Pleistocene-
Holocene time is greater than the average rate for the preceding 125,000-year
(or longer) interval. Alluvium of latest Pleistocene or Holocene age has a
net offset of about 6-7 m--an average rate of about 0.5-1.0 m/Kyr. Till and
fan alluvium that are at least 140,000 years old have net offsets of no more
than 15-25 m. Subtracting the latest Pleistocene-Holocene displacement of
6-7 m leaves a maximum of 8-19 m of offset over an interval of about 125,000
years--a maximum average rate of 0.06-0.15 m/Kyr.
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The 50- to 60-m-high fault scarps in the southern Utah Valley are
probably the highest, nearly continuous fault scarps along the Wasatch
Front. These scarps are formed in sediments deposited between about
19,000 and 14,000 yr B.P. during the last cycle of Lake Bonneville. Net
offsets (eliminating the effects of back-tilt, graben formation, and scarp
burial) are difficult to measure or estimate but are probably at least
20-30 m. Alluvial surfaces which are graded to lake levels below the
Provo shoreline and which are no less than about 12,000 years old have net
offsets of about 10 to 12 m. Apparently one-half to two thirds of the
offset of 20-30 m observed in the Bonneville deposits (14,000 to 19,000
years old) occurred prior to 12,000 yr B.P. At present, the distribution
of this offset in time is not well constrained, however, the range of
values of 1.5 to 10 m/Kyr implies a faster average rate than the average
rate of 0.8 to 1.0 m/Kyr estimated from the 12,000-year-old datum.
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Salton Trough Tectonics and Quaternary Faulting
9940-01292

Robert V. Sharp and Malcolm M. Clark

Branch of Ground Motion and Faulting
U.S. Geological Survey

345 Middlefield Road., M/S 77
Menlo Park, CA 94025
(415) 323-8111, Exts. 2596, 2591

Investigations

].

5.

Continuation of monitoring afterslip of the October 15, 1979 earthquake
on the Imperial fault.

Field check for surface faulting associated with the Mg 6.3 earthquake
of June 9, 1980, in the Colorado River delta region in Mexico.

Trenching of fault suspected to be the San Andreas northwest of Bombay
Beach.

Geologic effects of the Mammoth Lakes earthquakes of May, 1980.

Late Quaternary history of the Hilton Creek fault south of the Long
Valley caldera.

Results

].

Repeated measurements made at canals offset by the Imperial fault
generally indicate that cumulative right-lateral slip continues to grow
in linear relation to the logarithm of time. Although the distribution
of cumulative slip along the length of the fault rupture shows that most
segments of the fault that had small coseismic slip relative to adjacent
parts tend to have the largest afterslip, some parts of the fault seem
to have remained comparatively "stuck".

The instrumental epicenter of this event was located near the Cerro
Prieto fault about 55 km south of the international boundary with Mexico
(figure 1). The Imperial fault was checked for triggered surface move-
ment in the U.S. and Mexico, and the Cerro Prieto fault was checked
where paved roads cross it in Mexico. New surface movements that showed
some characteristics of faulting rather than secondary shaking effects
of the earthquake, such as liquefaction, were found at the following
locations.

Seven kilometers northwest of the epicenter, en echelon cracks
were found crossing the pavement of BCN-4 2.1 km east of its inter-
section with BCN-3 (open circle in figure 1). Although one crack showed
about 1 cm of right-lateral offset, fractures could not be found in
hard-packed soil in fields adjacent to the road; the cracking on the
road surface therefore is not considered to represent faulting. Cracks
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found 3 km southeast of the epicenter (open circle in figure 1 shown
about 3.8 km southwest of Coahuila) also lay close to the probable
location of the Cerro Prieto fault trace, but they could be explained as
secondary fractures associated with lateral spreading near a deep ditch
that parallels the road.

Left-stepping en echelon fractures with maximum observed
right-lateral displacement of 16.5 cm were found along a one kilometer
zone just west of the settlement of Ejido Saltillo (figure 1). These
cracks are considered to be tectonic fractures or possibly triggered
faulting because no evidence of liquefaction or other secondary breakage
of the ground surface was detected in the nearby area. These surface
breaks 1ie northeast of the trace of the Cerro Prieto fault and beyond
the southeasternmost 1imit of the Imperial fault rupture, according to
its documentation after the 1940 Imperial Valley earthquake by J. P.
Buwalda and C. F. Richter. Although surface faulting has not been
reported at this location before, the zone of fractures lies near the
southeastward projection of the Imperial fault. Because no checking for
additional 1940 fault rupture was made beyond the end of the Imperial
fault as shown in figure 1, there is no information on whether one or
possibly more additional fault strands near the present location of
Ejido Saltillo might have been active in 1940. The 1980 fractures are
located near a similar trending epicentral zone 6f numerous recent small
earthquakes and swarms, but whether any aftershocks of the June 9, 1980,
earthquake may have centered near this surface rupture is unknown at
present. Residents of Ejido Saltillo became aware of the surface
ruptures shortly after the time of the earthquake in the evening of
June 8 (local time).

A shallow trench cut into the fault southeast of the surficially
expressed trace of the San Andreas fault near Bombay Beach revealed a
1-meter wide shear zone in lake sediments deposited probably early in
the existence of ancient Lake Cahuilla. The sediments cut by the fault
(1) contain fossil fresh water mussels characteristically found in
deposits of Lake Cahuilla, (2) are moderately consolidated, and (3) are
mildly folded near the shear zone. Trenches cut at other locations in
the Salton Trough indicate initial creation of the lake a few thousand
years before present, and the sediments exposed in the new trench may be
of about this age. The width of the shear zone in the young sediments
suggests large displacement and correspondingly great length.
Demonstration of possible continuity of this shear zone with the only
other surficially expressed faults in this area, the San Andreas toc the
north and a previously trenched Quaternary fault to the south at Bombay
Beach, will require additional investigation.

A 17-km-Tlong zone of intermittent surface ruptures along the Hilton
Creek fault was associated with the Mammoth Lakes earthquakes. The
ruptures extended northwestward from McGee Creek for 6 1/2 km along a
single strand of the fault and then splayed into the Long Valley
caldera, mostly along 4 major strands. Width of the splayed zone
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reached 4 km. Displacement was extension, roughly normal to the trends
of the ruptures. Most of the ruptures followed older scarps, and at
these places a vertical component, consistent with past movement, was
present. Although most measured displacements were less than 50 mm, at
many places slip exceeded 100 mm, and at a few it was greater than 200
mm. At most places horizontal (opening) and vertical components of slip
were roughly equal. Southeast of the caldera the ruptures followed a
part of the Hilton Creek fault that dips NE and has a prominent
NE-facing 500-1000-m-high scarp. In the caldera, however, the ruptured
splays dip either NE or SW at the boundaries of horsts and graben.

Although the 1980 ruptures offset late Quaternary lavas in a few
places in the caldera, most ruptures occurred in or at the boundaries of
unconsolidated deposits on the faces of scarps. Hence a component of
downslope movement was probably present to some degree in all of these
places.

One of the main questions about the surface ruptures is whether or
not they represent true fault slip, or merely slumping and consolidation
of loose material on downthrown blocks or scarp faces.

Evidence favoring a non-tectonic origin for the ruptures is:
1. Ruptures are very discontinuous.
2. Slip varies greatly along strike of the ruptures.

3. Largest slip tends to occur on high scarps that have large
piles of unconsolidated debris.

S1ip vectors are roughly normal to the variable local strike of
ruptures, rather than to the average strike of the fault.

Evidence favoring a tectonic origin for the ruptures is:

1. Ruptures are almost entirely along scarps and previously
recognized faults. Almost no ruptures occur along similar but
non-tectonic scarps or slopes of unconsolidated material near
the faults.

2. Ruptures did not extend SE of McGee Creek along the Hilton
Creek fault, even though that area was as close to epicenters as
parts of the fault that do show ruptures.

3. Ruptures offset bedrock locally.
Among the most impressive geologic effects of the earthquakes were
the large numbers of rock-snow avalanches and individual rock falls in

the Sierra Nevada, particularly in the metamorphic terrane of Convict
and McGee Creeks. For example, large rock-snow avalanches with

82



H3

prominent flow structures and dimensions approaching 1 km descended the
east face of Mt. Baldwin above McGee Creek and across the trail below
Sevehah C1iff at Convict Creek. Shaking dislodged thousands of boulders
from outcrop and deposits on the walls of both canyons. Dimensions of
some of these boulders exceeded 3 m. They rolled and skipped to the
bottoms of the canyons, smashing down full-grown trees and gouging
elongate holes in the earth. Had the earthquake occurred Tater in the

summer, when people travel and camp in these canyons, many would have
died.

Southeastward from Long Valley caldera, the late Quaternary trace of the
Hilton Creek fault enters the Sierra Nevada and follows the base of a
500 to 1000-m-high older bedrock scarp, except where it crosses the
large glaciated canyons of McGee and Hilton Creeks and the mouth of a
small glaciated tributary to Rock Creek about 1 km NW of Rock Creek
Lake. The late Quaternary trace dies out southward along the west wall
of the canyon of Rock Creek.

Late Quaternary displacement across the Hilton Creek fault has been
dominantly dip-slip, NE side relatively down. No evidence was found of
a significant component of strike-slip. Apparent right-offset of
moraine crests on the west side of McGee Creek is the result of dip slip
on an inclined fault plane that strikes obliquely across the moraine
crests.

Late Quaternary displacement is difficult to estimate along the
active, high angle slopes that characterize the main scarps of the
Hilton Creek fault. At the three glaciated canyons, however, the fault
displaces relatively stable, low-gradient glacial deposits of different
ages. Tentative correlations and ages of these deposits and their fault
displacements are shown in the following table.

Glaciation Vertical component of normal faulting of glacial
(approx. age, in) deposits along Hilton Creek fault, in meters

1

03 y bp)

McGee Creek Hilton Creek Rock Creek Tributary

Latest Tioga 17 2-4 1-3

(10)

Maximum Tioga 25 7 -

(20)

Tenaya(?) 40 - -

(25-

407)

Tahoe 130 14-17 =

- (60-

130)
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These figures demonstrate variability of late Quaternary offset from one
place to another along the Hilton Creek fault, a not surprising

finding. They are not reliable enough, however, to either establish or
deny uniformity of late Quaternary displacement rates.

Reports

Sharp, Robert V., 1981, Tectonic setting of the Imperial Valley Region, in
The Imperial Valley, California, earthquake of October 15, 1979: U.S.
Geol. Survey Prof. Paper (in press).

Sharp, Robert V., Lienkaemper, James J., Bonilla, M. G., Burke, D. B., Cox,
B. F., Herd, D. G., Miller, D. M., Morton, D. M., Ponti, D. J., Rymer,
M. J., Tinsley, J. C., Yount, J. C., Kahle, J. E., Hart, E. W., and
Sieh, K. E., 1981, Surface faulting in the central Imperial Valley, i
The Imperial Valley, California, earthquake of October 15, 1979: U.S.
Geol. Survey Prof. Paper (in press).

Sharp, Robert V., 1981, Comparison of 1979 surface faulting to earlier
displacements in the central Imperial Valley, in The Imperial Valley,

California, earthquake of October 15, 1979: U.S. Geol. Survey Prof.
Paper (in press).

Sharp, Robert V., and Lienkaemper, James J.,.1981, Preearthquake and post-
earthquake near-field leveling across the Imperial and Brawley faults,

in The Imperial Valley, California, earthquake of October 15, 1979:
U.S. Geol. Survey Prof. Paper (in press).

Archuleta, Ralph J., and Sharp, Robert V., 1980, Source parameters of the

Oct. 15, 1979 Imperial Valley earthquake from nearfield observations:
EQOS, v. 61, p. 297.
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Figure 1. Map showing locations of epicenter and surface rupturing of

the June 9, 1980, earthquake relative to previously known
faults in the delta region of the Colorado River.
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Determination of Epicenter and Magnitude for the
Southern California-Baja California Earthquake of February 23, 1892

P.0. No. 55717

Carl Strand, Gordon Gastil and Monte Marshall

Department of Geological Sciences
San Diego State University
San Diego, California 92182

On the basis of o0ld newspapers, diaries, and personal interviews,
96 localities have been assigned intensity values for the northern
Baja California earthquake of February 23, 1892 based on the Revised
Intensity Scale of 1979. 1Iso-intensity contours place the apparent
epicenter near the northern end of the Sierra Cucapah, possibly on
the Laguna Salada fault (Barnard, 1968). The intensity near the
epicenter was at least X.

Using the relation between seismic moment of an earthquake

and the area within isoseism VI (Hanks and others, 1975) calculations
show that the earthquake had an intensity between 7.5 and 7.8.
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Quaternary Framework for Earthquake Studies
Los Angeles, California

9540-01611

John C. Tinsley
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, Ext. 2037

Investigations

1. Completed describing, sampling, and laboratory analyses of pedogenic soils
in a transect across southern California from the Los Angeles basin through
San Gorgonio Pass across the Mojave Desert to the Vidal area (L. McFadden and
J. Tinsley).

2. Assisted M. M. Clarke with field studies of surface faulting and ground
failure associated with the Mammoth lakes earthquake sequence, May 25-27,
1980.

3. Completed initial compilation of 1L‘C dates, southern California and Los
Angeles basin areas (C. Hastorf and J. Tinsley).

4, Continued 1/24,000 geomorphic/photogeologic/soil stratigraphic mapping of
surficial geology in the Los Angeles basin and in the upper Santa Ana Valley,
California.

5. Commenced installing on the USGS computer the geotechnical data base for
the San Fernando Valley prior to completing assessment of liquefaction
susceptibility. This effort uses programs written by D. Ponti (USGS)

6. With G. Wieczorek (Engineering Branch, Menlo Park), conducted a study of
rock-falls in Yosemite National Park generated by the Mammoth lakes earthquake
sequence of May 25-27, 1980.

Results

1. Chemical analyses of iron oxyhydroxides formed on lithic arkosic alluvium
under different ﬁlimates in southern California indicate that the ratio of
ferrihydrite (NH -oxalate soluble) to total free iron oxyhydroxides
(dithionite soluble) changes with time. Maximum ratios (0.2-0.6) of
ferrihydrites to total free iron oxides characterize late Pleistocene soils
and early Holocene soils. The ratio decreases progressively in older soils as
initial kinetieally metastable ferrihydrite is transformed into more stable
hematite, presumably by crystal aggregation and dehydration. A similar trend
in this ratio occurs between horizons of pedons. Minimum ratios occur in the
argillic horizons and maximum ratios generally occur in Cox horizons,
respectively the oldest and youngest parts of the soil profile. Minimum
ratios (0.01-0.08) characterize old soils whose ages are at least 0.5 m.y.
The technique using the oxyhydroxide ratio provides means of distinguishing
among the soils of this chronosequence. The youngest soils (Holocene) are
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best differentiated according to other criteria such as thickness and
character of the A horizon and the Cox horizon and the presence/absence of a
textural B horizon.

2. Field notes, maps, and photographs were transmitted to M. M. Clark for
inclusion in a forthcoming report of investigations of the Mammoth Lakes
earthquake sequence.

3. A miscellaneous Field Studies Map showing localities dated by 1)"C
techniques and an explanatory text is in TRU map review.

4., Surficial geologic mapping is 70% completed in the LA Basin.

5. Installation of San Fernando Valley geotechnical data base is 3%
completed.

6. The results of the study of rockfall hazards in Yosemite Valley,
California were transmitted to the Superintendent via an administrative
letter. 1In part, the report concluded that new and recurring rockfalls could
be anticipated if earthquakes occur having local intensities approaching or
exceeding those of the May 25-27 eathquakes. The talus deposits on the
Valley's floor indicate areas subjected to rockfall during post-Tioga time
(last 12000 years) and these areas are most likely to be the sites of future
rockfalls. In general, new rockfall appeared to occur where joints in the
wall rock were rather closely-spaced. Verbal accounts describing the effects
of the earthquakes experienced by rockclimbers while climbing. Climbers
observed that exfoliating slabs or towers of rock vibrated vigorously during
the earthquakes. In several instances, rock debris which had accumulated on
ledges on these slabs was displaced by the earthquake shaking and fell between
the oscillating slab and the adjacent rock wall. The effects of this process,
when repeated during moderate or great earthquakes, would be to weaken the
slab near its base and gradually split the slab from its former position

ad jacent to the wall, ultimately causing catastrophic failure of the slab
through this gravity-driven ratchet-like mechanism.

Reports

Mark, R. K., Tinsley, J. C., Newman, E. B., Gilmore, T. D., and Castle, R.O.
An Assessment of the accuracy of the geodetic measurement that define the
southern California uplift. Journal Geophysical Research, In Press.

McFadden, L. D., Hendricks, D. M., and Tinsley, J. C. Changes in pedogenic

iron oxyhydroxide with time in soils formed on lithiec arkosic alluvium,
southern California. Abstract approved by the Director 9/80
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Geothermal Tectonic Seismic Studies
9930-02097

Craig S. Weaver
Branch of Seismology
U.S. Geological Survey
University of Washington
Geophysics Program AK-50
Seattle, Washington 98195
(206) 545-1730

Investigations

1. Seismicity. During the last half of the fiscal year, 5 additional
seismic stations were installed in the Olympic network, completing the
basic network. A study has been initiated to test the hypothesis that
active, northwest-striking, right-lateral strike-slip fault zones may be
present in the upper 20 km of the crust in western Washington.

2. Crustal Structure Studies. Two temporary refraction lines were
deployed across the Olympic Peninsula in western Washington to record a
series of blasts set off during a Canadian study of the crustal structure
of Vancouver Island, British Columbia. Twenty-three stations were placed
to record not only the Canadian blasts but also to continue crustal
studies using the Centralia, Washington, strip-mine blasts as seismic
sources.

Results

1. In the short time the network has been operating, only two earth-
quakes have been located within the network. One event was deep
(approximately 25 km) and was recorded only on the Olympic network
stations, so it is possible that the Olympic Peninsula is not as seis-
mically quiet as has been concluded from studying data collected with
stations to the east.

2. The preliminary data from the refraction experiment show that clear
arrivals were recorded at both the permanent and temporary stations from
shots in the Strait of Juan de Fuca (crustal phases at distances of
100-200 km) and from Jervis Inlet on the Canadian mainland (mantle
arrivals at distances to 400 km). The crustal phases from these blasts
indicate that P-wave arrivals on the Olympic Peninsula tend to be delayed
by approximately one second relative to arrival times in the Puget Sound
region. This result initially collaborates earlier work using the
Centralia strip mine blasts to delineate differences between Puget Sound
and Olympic structures. The preliminary data do suggest that the
structural differences are not simple and will require careful analysis.
As analysis proceeds on this data, a refinement of the velocity model
used in the earthquake location process will result.
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Reports

Endo, E., Weaver, C., Malone, S., and Michelson, C., 1980, Coda magni-
tudes of earthquakes associated with the 1980 eruptions of Mt. St.
Helens (abs.): EOS, American Geoiphysical Union Transactions, v. 61
(in press).

Leaver, D., and Weaver, C., 1980, Refraction studies of the Mt. St. Helens
region (abs.): EOS, American Geophysical Union Transactions, V. 61
(in press).

Malone, S., Endo, E., and Weaver, C., 1980, The seismicity associated with
the 1980 eruptions of Mt. St. Helens (abs.): EOS, American
Geophysical Union Transactions, v. 61 (in press).

Malone, S., Weaver, C., and Endo, E., 1980, Seismic details of the May 18,
1980 cataclysmic eruption of Mt. St. Helens (abs.): EOS, American
Geophysical Union Transactions, v. 61 (in press).

Noson, L., Malone, S., Endo, E., and Weaver, C., 1980, Seismicity
preceding the May 18 eruption of Mt. St. Helens (abs.): EOS,
American Geophysical Union Transactions, v. 61 (in press).

Weaver, C., Endo, E., Malone, S., and Noson, L., 1980, Predicting
Mt. St. Helens eruptions (abs.): EOS, American Geophysical Union
Transactions, v. 61 (in press).

Weaver, C. S., Malone, S. D., Endo, E. T., and Noson, L. J., 1980, Seis-

micity pattern of the Mt. St. Helens eruption sequence (abs.): EOS,
American Geophysical Union Transactions, v. 61 (in press)
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GEOLOGIC INVESTIGATION OF RECURRENCE INTERVALS
AND RECENCY OF FAULTING ALONG THE
SAN GREGORIO FAULT ZONE, SAN MATEO COUNTY, CALIFORNIA

Contract No. 14-08-0001-16822

GERALD E. WEBER, PRINCIPAL INVESTIGATOR
WILLIAM R. COTTON, PRINCIPAL INVESTIGATOR

WILLIAM COTTON AND ASSOCIATES
314 Tait Avenue

Los Gatos, California 95030
(408) 354-5542

During the past two years we have examined a portion of the San Gregorio
fault zone near Point Ano Nuevo in southern San Mateo County, California. Our
study has focused primarily on two reverse faults within the San Gregorio
fault zone - the Afio Nuevo thrust fault and an unnamed fault, referred to in
this report as the Cascade Quarry reverse fault.

Reverse faults appear to be particularly amenable to studies of sequen-
tial fault movement. Over a period of years the scarp associated with each
faulting event is eroded, and the sediment is washed off of the hanging-wall
block onto the footwall block, forming a colluvial wedge. This sedimentary
record is preserved by subsequent movement which pushes the hanging-wall block
over the sedimentary sequence on the footwall block.

The geologic and geographic setting at Point Afo Nuevo makes this area
very productive for a study of late Pleistocene sequential movement along
reverse faults. First, exposures of the late Pleistocene marine terrace
deposits and the faults both in sea cliffs and in man-made cuts are excellent.
Second, both the Ano Nuevo thrust fault and the Cascade Quarry reverse fault
offset the wave-cut platform and the deposits of the first marine terrace.
The presence of the marine terrace is of utmost importance to the study
because both the age of the marine terrace and the original orientation of
the wave-cut platform are known. The terrace therefore provides a well-
defined datum plane from which to measure structural deformation. It also
provides an ideal starting point in time for the reconstruction of the fault-
ing events; the wave-cut platform was created in the surf zone of a trans-
gressing sea that reached a highstand 105,000 years B.P. Third, low rates
of erosion and deposition allowed the evidence of sequential fault movement
in the terrace sediments to be preserved.

We conducted detailed surface mapping and logged numerous exposures of
reverse faults in sea cliffs, exploratory trenches, and an abandoned quarry.
This examination of stratigraphic and structural relationships, supplemented
by amino-acid and radiocarbon dates, enabled us to make reasonably complete
reconstructions of the late Pleistocene history of faulting. Detailed mapping
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of exposures of the Ano Nuevo thrust fault in an exploratory trench indicates
repeated fault movement with the most recent faulting event offsetting
deposits of an interdune pond. Organic material in the matrix of the pond
deposits has yielded a !'4¢ date of 6060 * years B.P. Hence, there is strong
evidence of Holocene activity along this fault.

Analysis of the fault pattern near Point Ano Nuevo indicates that the
San Gregorio fault zone is a large right-lateral strike-slip fault zone
undergoing local convergence. The geologic data and the pattern of faulting
indicate the presence of two principal displacement shears - the Frijoles
fault and the Coastways fault. These two faults have been the loci of
essentially all of the middle to Tate Pleistocene movement.

In addition to the principal displacement shears there are numerous
secondary faults that have experienced late Pleistocene movement. It is
possible to relate the amount of movement on one secondary fault, the
Cascade Quarry reverse fault, to movement on the Frijoles and Coastways
faults. If our analysis of marine terrace deformation is correct, the
Cascade Quarry reverse fault experiences only 5% of the total movement
across the fault zone.

It appears that there is a general relationship between the thickness
of a colluvial wedge on the footwall block of a reverse fault and the height
of the fault scarp that must have been eroded to form the wedge. Consequently,
it is possible to approximate the initial scarp height (in this study) as
1.6 to 2.2 times the measured thickness of the colluvial wedge. This scarp
height-wedge thickness ratio can be used to approximate the magnitudes of
earthquakes associated with each faulting event.

It appears that movements on the Cascade Quarry reverse fault are
relatively large, with vertical surface displacements of 3 - 8 ft. and
horizontal displacements of up to 12-13 ft. It therefore appears as if the
sizes of the individual surface displacements along the secondary traces
studied, the Cascade Quarry reverse fault and the Ano Nuevo thrust fault,
are similar to the size of the surface displacements along the primary
faults, the Coastways fault and the Frijoles fault.

Because of these observations, we question the concept that secondary
faults experience only small surface displacements. We suggest that fault-
ing events alona both the Cascade Quarry reverse fault and the Ano Nuevo
thrust fault occur infrequently. When an earthquake accompanied by surface
rupture on a secondary trace does occur, the secondary trace temporarily
acts as the primary locus of faulting, and surface displacements are greater
on the "secondary" fault than on the principal displacement shear. We see
no evidence to suggest that the secondary faults in the San Gregorio fault
zone regularly experience small displacements during major faulting events
on the primary faults.

The magnitude of the maximum credible earthquake that could occur along
the San Gregorio fault zone was estimated in three ways. First, we deter-
mined the maximum surface displacements that have occurred along the Cascade
Quarry reverse fault. Using the regression analysis of Bonilla and Buchanan
(1970) we determined that earthquakes must have varied from 6.0 to 8.0
Richter magnitude to produce the calculated surface displacements.
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Two additional methods that we used to estimate the maximum credible
earthquake magnitude were: (1) to estimate the surface rupture length and
(2) to estimate the size of the area of rupture on the fault plane (Wyss,
1979). The estimates for the maximum credible earthquake vary from 7.3 to
7.6 for a fault 115 miles long and from 7.6 to 7.8 for a fault 260 miles
long. We conclude that the maximum credible earthquake for the San
Gregorio fault zone is at least 7.6 - 7.7 and may be greater than 8.0
Richter magnitude.

We have attempted to determine the recurrence interval for major
earthquakes along the San Gregorio fault zone at Point Afo Nuevo using
three methods. (1) Long-term slip rates determined from offset marine
terrace shoreline angles suggest that the recurrence interval for 7.5
magnitude earthquakes is 220-400 years. (2) Our study of the Cascade
Quarry reverse fault indicates that the maximum recurrence interval ranges
from 375 to 440 years for a 7.0 - 7.5 magnitude earthquake. (3) An
analysis of cyclical sag pond deposits exposed along the south shore of
Point Ao Nuevo indicates a recurrence interval of about 365 years for an
earthquake of magnitude 6.5 or greater. Consequently, we conclude that a
realistic estimate of the recurrence interval for major earthquakes
(M=7.5) along the San Gregorio fault zone is between 225 and 400 years,
with a best estimate of 300-325 years.
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Tectonic Tilt Measurements Using Lake Levels

9950-02396
Spencer H. Wood
Branch of Earthquake Tectonics and Risk
Mailing Address: Department of Geology and Geophysics
Boise State University
Boise, ldaho 83725
(208) 385-1631

Investigations

Measurements of land-surface tilt were made using water-level
records from large lakes in southern Alaska and Utah. Water levels
are recorded simultaneously at an array of stations on a lake. These
records are referred to local bench marks. In June, 1980, measurements
were made on Eyak, Bering, Harlequin, Klutina, and Kenai Lakes. The
latter two were measured in 1964, 1966, 1979, and 1980. Stations at
Eyak and Bering Lakes were established in 1979. Stations at Harlequin
Lake were established in 1980. An additional station was established
on the Great Salt Lake, Utah, and measured in May and September, 1980.

Resul ts

The 16-year record of water-level differences on Kenai and Klutina
Lakes is shown in Figure 2. The 1964 measurements were made in June,
following the earthquake. Water levels were read on a rod placed in the
water and referenced by leveling to nearby benchmarks. 1966 measurements
by A. Grantz and D. McCulloch were improved by using a stilling well and
recording water levels over several hours in order to eliminate the effect
of periodic seiches. The 1979 and 1980 measurements used one-to-four-day
continuous recordings of lake levels with a Stevens 'F' recorded on a
stilling well. The strip-chart record is twice referred to permanent bed-
rock benchmarks by precise level and rod.

Records from other lakes (Salton Sea, Great Salt Lake, and published
data from Scandanavian Lakes) suggest the noise level of annual measure-
ments of differenced lake levels is 20 to 40 mm. Simultaneous recordings
during times of little or no wind show water levels of large lakes can be
very stable and fluctuate only a few millimeters. The most serious noise
is long period, and seasonal. The major cause may be seasonal variations
in inflow. Therefore, records of lake levels will not easily detect small
land surface tilt that develops over periods of a few months to a year.
Nevertheless, small tilt rates over several years are resolvable.

The record from Klutina Lake indicates downtilt of the land surface
toward the west between 1964 and 1966 amounting to about 70 mm over a dis-
tance of 25 km. Since the 1964 measurements may have been crude, the 1964
value may differ from the rest because of an erroneous or crude measurement.
From 1966 to 1980, the changes are small and within the noise level.
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The record from Kenai Lake (Fig. 2) also indicates downtilting
to the southwest. Since the 1966 and 1964 differences are about the
same, as are the 1979 and 1960 pair, this tilt of 200 mm appears to
be significant and may be related to crustal uplift of similar mag-
nitude and timing reported from leveling comparisons by Brown et. al.
(1977) .

Water level records from the Great Salt Lake, Utah, have been found
to be influenced by damming of the recording area by sediment. Apparent
tilt in that area is being re-examined.

Reference

Brown, L.D., Reilinger, R.E., Holdahl, S.R., and Balazs, E.Il., 1977,
Postseismic crustal uplift near Anchorage, Alaska: J. Geophys. Res.,

82, 3369 - 3378.
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Figure 1. Location of large lakes in southern Alaska and Yukon Territory

used to monitor tectonic tilt. Only those lakes with stations re-
measured or established in 1979 or 1980 are shown.
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Figure 2.
and Kenai Lakes, southern Alaska. Differences
ment of the elevation of the bench marks above

History of water-level differences between pairs of stations on Klutina

are obtained by simul taneous measure-
the water surface. The differences

are calculated by subtracting one bench-mark elevation from another bench-mark

elevation. This difference will
or the land surface do not tilt.

remain constant through time if the water surface
Changes in the difference can be interpreted as

either a temporary tilting of the water surface to a non-level surface or as a

change in elevation of one bench mark with respect to the other.

Arrows and compass

directions on the left indicate direction of downtilting if the difference is inter-
preted as a change in the relative bench-mark elevations(land-surface tilt).
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Earthquake Hazards Studies, Metropolitan Los Angeles-western
Transverse Ranges region

9540-02907

R. F. Yerkes
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111 ext. 2350

Investigations (Yerkes)l/

1. Compiled and evaluated unpublished deep-drill and geophysical data bearing
on structural-tectonic history of Santa Barbara Channel-Ventura basin.

2. Completed map at 1:1,000,000 of southern California showing faults and
distribution of seismicity since 1812.

3. Collected, evaluated, and began compiling at 1:250,000 fault map of
project area incorporating latest offshore and onshore data, including results
of numerous OES contracts to outside workers and agencies. Map will show age
and attitude data on faults.

4, Began retrieval and processing of post-1932 instrumental seismic data for
relocation and focal-plane analysis program.

5. Began collection and evaluation of deep-drill and density-layer data to
~derive updated seismic-velocity model of Los Angeles basin.

Sarna—Wojcickig/

6. Sampled section west of Ventura in core of Ventura Avenue anticline for
paleomagnetic stratigraphy (with Jack Hillhouse, BP&RS, Menlo Park). We
sampled stratigraphically below the Bailey ash (dated at 1.2 m.y. by fission
track method) to refine age control on the basal part of the section in the
Pico Formation. We wish to identify the Olduvai and Gilsa normal events
within the Matuyama reversed epoch, and to define the Plio-Pleistocene
boundary within this section of late Cenozoic turbidites. We have also
sampled a putative correlative ash of the Pearlette type B ash (dated at 1.8-
1.9 m.y. by fission-track on zircons; Naeser and others, 1973) in the South
Mountain area to determine whether the anomalous magnetic directions for this
formation found at other locations can be detected at this locality.

7. Continued mapping, collection, and identification of mid- to late-
Pleistocene ashes in the Ventura-South Mountain area of the western Transverse
Ranges, including collection of fossil mollusks for amino-acid racemization
age dating (in cooperation with K. R. Lajoie and G. Kennedy, BGM&F, 9940-
01623.
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Results (Yerkes)l/ Previously reported (in Vol. IX, p. 48-49).
(Sarna—Wojcicki)g/

An ash in the basal part of the San Pedro Formation north of Ventura has been
identified as the Pearlette type O ash on the basis of chemical and
petrographic characteristics. The Pearlette type O ash locality in the
Ventura area is the westernmost found to date, and is the first locality where
the ash is interbedded with marine strata. The Pearlette type O ash has been
dated (Naeser and others, 1973) in the midwestern U.S. (1700 km to the ENE, in
Meade County, Kansas), and at its near-source locality (1400 km to the NE, at
Yellowstone Park, Wyoming), at 0.6 m.y., both by K-Ar and fission-track
dating. The San Pedro Formation is the uppermost marine Pleistocene formation
on the south flank of the Ventura Avenue anticline. A previous estimate of
the age of the uppermost part of this unit is about 0.2 m.y. on the basis of
amino-acid racemization analyses on fossil mollusks (Wehmiller and others,
1977), situated about 600 m stratigraphically above the type O Pearlette.
About 300 m stratigraphically below this ash, we have previously identified
the Bishop-Friant ash, in the underlying Santa Barbara Formation. The latter
ash has been dated elsewhere by others at 0.74 m.y. Thus, the stratigraphic
sequence for this section is in agreement with radiometric and amino-acid
ages, and confirms our earlier observations regarding acceleration of basin
filling in this area during late Pleistocene time.

Reports

Meyer, C. E., M. J. Woodward, A. M. Sarna-Wojcicki, and C. W. Naeser, 1980,
Zircon fission-track age of 0.45 million years on ash in the type section
of the Merced Formation, west-central California: U.S. Geological Survey
Open-File Report No. 80-1071, 9 p.

Sarna-Wojcicki, A. M., Susan Shipley, R. B. Waitt, Daniel Dzurisin, W. H.
Hays, J. O. Davis, S. H. Wood, and Thomas Bateridge, 1980, Areal
distribution, thickness, and volume of downwind ash from the May 18, 1980
eruption of Mount St. Helens. U.S. Geological Survey Open File Report
No. 80-1078, 14 p.

Sarna-Wojcicki, A. M., and R. B. Waitt, 1980, Areal distribution, thickness,
and composition of volcanic ash erupted from Mount St. Helens on May 18,
1980. Abs : Geological Society America, Abstracts with Programs, v.
12-7, 1980, p. 515.

1/ Assigned to other projects for 2.5 mos., 40% of reporting period.

2/ Assigned to Mt. St. Helens investigation for 5 mos., 80% of reporting
period.
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Earthquake Hazards of the Puget Sound Region,
Washington

9540-02197

James C. Yount
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2905

Investigations

1. Bedrock geologic mapping in the Seattle 1:100,000 and Port Townsend
1:00,000 map areas has been done in order to delineate known Tertiary tectonic
features which might still be capable of generating earthquakes.

2. Compilation of available subsurface data in the Port Townsend 1:100,000
map area and Bremerton East and Bremerton West T7-1/2' quadrangles is being
done in order to portray the nature and depth distribution of various
Quaternary units in the Puget Lowland which likely control ground response to
seismic shaking and potential for liquifaction.

3. An investigation of late Pleistocene to Holocence geology in the eastern
Strait of Juan de Fuca using marine seismic reflection profiles was undertaken
so that the extent and character of faulting in this offshore area can be
evaluated.

4, Continuing investigation of the deep (40 to 70 km) suite of earthquakes
beneath the Puget Lowland and their relationship to major geologic trends in
the region has led to refinement of a seismotectonic model for the Puget Sound
Region.

Results

1. The bedrock geologic map of the Seattle 1:100,000 scale sheet has been
completed and is in review. The main features of tectonic importance are a
series of roughly east-west trending faults running from south of Bremerton
East to Issaquah near the top of the steep gravity gradient marking the
southern rim of the Seattle Basin. These faults cut progressively younger
parts of the Eocene and Oligocene section going from north to south toward the
Seattle Basin, with the youngest Tertiary outcrops (Miocene?) just east of
Lake Sammamish being overturned to the south.

2. The bedrock geologic map of the Port Townsend 1:100,000 scale sheet is
nearing completion. The most significant features shown are: 1) heretofore
unrecognized north to north-east trending normal faults which offset Mesozoic
trust plates in the Cultus Mountain area. 2) additional traces and extension
of the east-west trending Devil's Mountain fault zone. 3) detailed expression
of north to northeast trending normal faults cutting Eocene conglomerates in
the Sunset Lake area southeast of Discovery Bay.

3. A 1:250,000 scale seismotectonic map of the Puget Sound Region has been
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completed and is in review. This map supersedes Open-File Report 78-U426 and
in addition to showing faults, principal folds, and sites of Quaternary
deformation, also includes locations of earthquakes from 1970 to 1978, and a
short discussion of earthquake distribution as related to geologic setting and
ma jor geologic trends.

4, A preliminary investigation of subsurface conditions in the Bremerton area
has delineated a few localities that are underlain by Quaternary deposits
which might be susceptible to stong ground shaking due to their nature and
possible amplifaction effects from near surface Tertiary bedrock. The Gorst
Creek Valley, the Heins Creek Valley south of Kitsap Lake, and the Waterman-
Enetai Region along Port Orchard appear particularly susceptible.

5. A workshop on earthquake hazards in the Puget Sound Region was held this
past October (1980), with some 32 geologists and geophysicists discussing
various aspects of neotectonism, earthquake distribution, current stress
fields, plate tectonic setting, and slope stability problems in the Puget
Lowland. Papers presented are to be published as an Open-File Report in the
continuing series of conference volumes of the Earthquake Hazards Reduction
Program of the USGS, sometime early in 1981.

Reports

Gower, H. D., 1980, Bedrock geologic and Quaternary tectonic map of the Port
Townsend area, Washington: U.S. Geological Survey Open-File Report 80-
1174,

Wagner, H. C., and Wiley, M. C., 1980, Preliminary map of offshore geology in
the Protection Island-Point Partridge area northern Puget Sound
Washington: U.S. Geological Survey Open-File Report 80-548.

Yount, J. C., and Gower, H. C., 1981, A seismotectonic model for the Puget
Sound Region of Washington State: Abstract submitted to Cordilleran
section of Geological Society of America for March, 1981 meeting,
Hermosillo, Mexico. (Director's approval of abstract given on October 7,
1980)

Yount, J. C., Marcus, K. L., and Mozley, P.S., 1980, Radiocarbon-dated
localities from the Puget Sound Lowland, Washington: U.S. Geological
Survey Open-File Report 80-780.
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Geophysical and Tectonic Investigations of the
Intermountain Seismic Belt

9950-02669

Mary Lou Zoback
Branch of Earthquake Tectonies and Risk
U.S. Geological Survey
National Center, MS 935
Reston, VA 22092
(703) 860-7233

Investigations

1. Field measurement of slip indicators (slickensides) within the Wasatch fault zone.
Emphasis was placed on exposed Holocene bedrock scarps along various segments of the
Wasatch.

2. Analysis of the late Cenozoic evolution of the state of stress and tectonic style of
extensional deformation in the Basin and Range province. Both a change in the stress
orientation and the timing of this change were evaluated.

3. Constraints on sources of Central and Eastern United States seismicity implied by
regional stress patterns.

Results

1. Measured Holocene slip directions along the Wasatch fault zone in Central Utah have
horizontal aximuths (extension directions) ranging between N 76° W to N 134° W on
normal faults which range in strike between N 35° W to N 42° E. This pattern of basin-
range horizontal extension is quite different from northern Nevada where measured
extension directions vary between N 55° W to E-W on faults whose strikes vary between
N 15° W to N 75° E (Zoback and Zoback, 1980). An analysis of the Utah slip data is
presently underway to determine the orientation and relative magnitudes of principal
stresses responsible for the Wasatch Holocene slip events. The analysis involves a least-
squares determination of a mean stress tensor for the slip events on a family of faults
assuming each observed slip direction represents the direction of maximum resolved
shear stress on each fault.

2. Extensional tectonism responsible for the modern physiography of the Basin and
Range province appears to represent a unique late stage episode of a much longer period
of extension initiated in an "intra-arc" setting contemporaneously with calc-alkaline
magmatism. Basin-range extension is distinguished from early extension on the basis of
angular unconformities, differences in fault trends and spacing, and associated
magmatism (basaltic). Pre-basin-range extension (i.e. extension preceding the breakup of
the region into ranges resembling the modern ones) was underway locally by at least 30
Ma. and is now recognized by faulted and highly tilted strata exposed in uplifted range
blocks, by large regions of the crust underlain by passively emplaced subvolcanic
batholiths, and by the thickness and distribution of stratigraphic units. Data on
preferentially oriented dike swarms and fault sip vectors indicate a strikingly uniform
WSW-ENE least principal stress orientation in the period ca. 20-10 Ma, during this early
extension (see Figure 1). The change from early extension to basin-range faulting of the
upper 15 km of crust and resulting in broadly spaced ranges (25-35 km crest-to-crest
spacing) was time-transgressive and probably not abrupt; locally both types occurred
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concurrently. Southern Basin and Range block faulting largely occurred in the period 13-
10 Ma., in response to a stress field oriented similarly to that responsible for the early
extension. In contrast, northern Basin and Range block faulting developed after 10 Ma.
and continues to the present in response to a stress field oriented approximately 45°
clockwise to the earlier stress field. This modern stress field, with a WNW-ESE to E-W
directed least principal stress, characterizes the entire modern Basin and Range province
and the Rio Grande rift region. The 45° change in least principal stress orientation is
consistent with superposition of dextral shear associated with the development of the San
Andreas transform. Inclusion of pre-basin-range extension may help resolve the
discrepancy between estimates of 15-309% for basin-range block faulting and total
extension estimates for the Basin and Range of 100-300%.

3. Utilizing a compilation of principal stress orientations for the conterminous United
States (Zoback and Zoback, 1980 — desecribed in the last semi-annual report) sites and
sources of central and eastern U.S. seismicity have been analyzed. The stress data
indicate relatively uniform regional stress patterns contradicting the hypothesis that
local stress concentrations (e.g. due to mafic intrusions) may affect orientations of the
principal stresses. Earthquakes and young faulting along the Atlantic coast region
(including the coastal plain in the south and much of the New England Appalachian belt in
the north) result from generally NW-SE compression. Seismicity and faulting in this
region may coincide with and result from reactivation (in a reverse sense) of NE-trending
Triassie (?) rift faults related to the opening of the Atlantic. Recent detailed field
investigations along these fault zones has lead to the suggestion (by several geologists)
that Paleozoic mylonite zones have localized both the late Cenozoic slip and the Triassic
(?) grabens. Source of the NW-SE compression in the Atlantic coast region is unknown.
Generation of this NW-SE compressional stress field by gravitational backsliding along a
major gently eastward-dipping decollement presently believed to underlie the southern
Appalachians is inconsistent with stress indicators suggesting compressional not
extensional tectonism in the topographically high, "breakaway" region of the fold belt.
Central U.S. seismicity, dominated by the New Madrid region, also appears localized in a
region of favorably oriented pre-existing faulting. This faulting is thought to be related
to a pre-Late Cambrian continental rift underlying the Mississippi embayment.
Restriction of seismicity to the axis of the old rift and not along the bounding faults
with~2 km of basement offset seem to require a weakening mechanism along the axis of
the rift.

Reports

Zoback, M. L., Anderson, R. E., and Thompson, G. A., 1980, Cenozoic evolution of the
state of stress and style of tectonism of the Basin and Range province of the
Western United States, Philosophical Trans. Royal Society London, in press.

Zoback, M. D. and Zoback, M. L., 1980, State of stress and intraplate earthquakes in the
central and eastern United States, submitted to Science.
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Earthquake Hazards of the Puget Sound Region,
Washington

9540-02197

James C. Yount
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 9u025
(415) 323-8111, ext. 2905

Investigations

1. Bedrock geologic mapping in the Seattle 1:100,000 and Port Townsend
1:00,000 map areas has been done in order to delineate known Tertiary tectonic
features which might still be capable of generating earthquakes.

2. Compilation of available subsurface data in the Port Townsend 1:100,000
map area and Bremerton East and Bremerton West 7-1/2' quadrangles is being
done in order to portray the nature and depth distribution of various
Quaternary units in the Puget Lowland which likely control ground response to
seismic shaking and potential for liquifaction.

3. An investigation of late Pleistocene to Holocence geology in the eastern
Strait of Juan de Fuca using marine seismic reflection profiles was undertaken
so that the extent and character of faulting in this offshore area can be
evaluated.

4, Continuing investigation of the deep (40 to 70 km) suite of earthquakes
beneath the Puget Lowland and their relationship to major geologic trends in
the region has led to refinement of a seismotectonic model for the Puget Sound
Region.

Results

1. The bedrock geologic map of the Seattle 1:100,000 scale sheet has been
completed and is in review. The main features of tectonic importance are a
series of roughly east-west trending faults running from south of Bremerton
East to Issaquah near the top of the steep gravity gradient marking the
southern rim of the Seattle Basin. These faults cut progressively younger
parts of the Eocene and Oligocene section going from north to south toward the
Seattle Basin, with the youngest Tertiary outcrops (Miocene?) just east of
Lake Sammamish being overturned to the south. )

2. The bedrock geologic map of the Port Townsend 1:100,000 scale sheet is
nearing completion. The most significant features shown are: 1) heretofore
unrecognized north to north-east trending normal faults which offset Mesozoic
trust plates in the Cultus Mountain area. 2) additional traces and extension
of the east-west trending Devil's Mountain fault zone. 3) detailed expression
of north to northeast trending normal faults cutting Eocene conglomerates in
the Sunset Lake area southeast of Discovery Bay.

3. A 1:250,000 scale seismotectonic map of the Puget Sound Region has been
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completed and is in review. This map supersedes Open-File Report 78-U426 and
in addition to showing faults, principal folds, and sites of Quaternary
deformation, also includes locations of earthquakes from 1970 to 1978, and a
short discussion of earthquake distribution as related to geologic setting and
ma jor geologic trends.

4, A preliminary investigation of subsurface conditions in the Bremerton area
has delineated a few localities that are underlain by Quaternary deposits
which might be susceptible to stong ground shaking due to their nature and
possible amplifaction effects from near surface Tertiary bedrock. The Gorst
Creek Valley, the Heins Creek Valley south of Kitsap Lake, and the Waterman-
Enetai Region along Port Orchard appear particularly susceptible.

5. A workshop on earthquake hazards in the Puget Sound Region was held this
past October (1980), with some 32 geologists and geophysicists discussing
various aspects of neotectonism, earthquake distribution, current stress
fields, plate tectonic setting, and slope stability problems in the Puget
Lowland. Papers presented are to be published as an Open-File Report in the
continuing series of conference volumes of the Earthquake Hazards Reduction
Program of the USGS, sometime early in 1981.

Reports

Gower, H. D., 1980, Bedrock geologic and Quaternary tectonic map of the Port
Townsend area, Washington: U.S. Geological Survey Open-File Report 80-
1174,

Wagner, H. C., and Wiley, M. C., 1980, Preliminary map of offshore geology in
the Protection Island-Point Partridge area northern Puget Sound
Washington: U.S. Geological Survey Open-File Report 80-548.

Yount, J. C., and Gower, H. C., 1981, A seismotectonic model for the Puget
Sound Region of Washington State: Abstract submitted to Cordilleran
section of Geological Society of America for March, 1981 meeting,
Hermosillo, Mexico. (Director's approval of abstract given on October T,
1980)

Yount, J. C., Marcus, K. L., and Mozley, P.S., 1980, Radiocarbon-dated
localities from the Puget Sound Lowland, Washington: U.S. Geological
Survey Open-File Report 80-780. g
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9950-02669

Mary Lou Zoback
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
National Center, MS 935
Reston, VA 22092
(703) 860-7233

Investigations

1. Field measurement of slip indicators (slickensides) within the Wasatch fault zone.
Emphasis was placed on exposed Holocene bedrock scarps along various segments of the
Wasatch.

2. Analysis of the late Cenozoic evolution of the state of stress and tectonic style of
extensional deformation in the Basin and Range province. Both a change in the stress
orientation and the timing of this change were evaluated.

3. Constraints on sources of Central and Eastern United States seismiecity implied by
regional stress patterns.

Results

1. Measured Holocene slip directions along the Wasatch fault zone in Central Utah have
horizontal aximuths (extension directions) ranging between N 76° W to N 134° W on
normal faults which range in strike between N 35° W to N 42° E. This pattern of basin-
range horizontal extension is quite different from northern Nevada where measured
extension directions vary between N 55° W to E-W on faults whose strikes vary between
N 15° W to N 75° E (Zoback and Zoback, 1980). An analysis of the Utah slip data is
presently underway to determine the orientation and relative magnitudes of principal
stresses responsible for the Wasatch Holocene slip events. The analysis involves a least-
squares determination of a mean stress tensor for the slip events on a family of faults
assuming each observed slip direction represents the direction of maximum resolved
shear stress on each fault.

2. Extensional tectonism responsible for the modern physiography of the Basin and
Range province appears to represent a unique late stage episode of a much longer period
of extension initiated in an "intra-arc" setting contemporaneously with cale-alkaline
magmatism. Basin-range extension is distinguished from early extension on the basis of
angular unconformities, differences in fault trends and spacing, and associated
magmatism (basaltic). Pre-basin-range extension (i.e. extension preceding the breakup of
the region into ranges resembling the modern ones) was underway locally by at least 30
Ma. and is now recognized by faulted and highly tilted strata exposed in uplifted range
blocks, by large regions of the crust underlain by passively emplaced subvolecanic
batholiths, and by the thickness and distribution of stratigraphic units. Data on
preferentially oriented dike swarms and fault sip vectors indicate a strikingly uniform
WSW-ENE least principal stress orientation in the period ca. 20-10 Ma, during this early
extension (see Figure 1). The change from early extension to basin-range faulting of the
upper 15 km of crust and resulting in broadly spaced ranges (25-35 km crest-to-crest
spacing) was time-transgressive and probably not abrupt; locally both types ocecurred
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concurrently. Southern Basin and Range block faulting largely occurred in the period 13-
10 Ma., in response to a stress field oriented similarly to that responsible for the early
extension. In contrast, northern Basin and Range block faulting developed after 10 Ma.
and continues to the present in response to a stress field oriented approximately 45°
clockwise to the earlier stress field. This modern stress field, with a WNW-ESE to E-W
directed least principal stress, characterizes the entire modern Basin and Range province
and the Rio Grande rift region. The 45° change in least principal stress orientation is
consistent with superposition of dextral shear associated with the development of the San
Andreas transform. Inclusion of pre-basin-range extension may help resolve the
discrepancy between estimates of 15-30% for basin-range block faulting and total
extension estimates for the Basin and Range of 100-300%.

3. Utilizing a compilation of principal stress orientations for the conterminous United
States (Zoback and Zoback, 1980 — deseribed in the last semi-annual report) sites and
sources of central and eastern U.S. seismicity have been analyzed. The stress data
indicate relatively uniform regional stress patterns contradicting the hypothesis that
local stress concentrations (e.g. due to mafic intrusions) may affect orientations of the
principal stresses. Earthquakes and young faulting along the Atlantiec coast region
(including the coastal plain in the south and much of the New England Appalachian belt in
the north) result from generally NW-SE compression. Seismicity and faulting in this
region may coincide with and result from reactivation (in a reverse sense) of NE-trending
Triassic (?) rift faults related to the opening of the Atlantic. Recent detailed field
investigations along these fault zones has lead to the suggestion (by several geologists)
that Paleozoic mylonite zones have localized both the late Cenozoic slip and the Triassic
(?) grabens. Source of the NW-SE compression in the Atlantic coast region is unknown.
Generation of this NW-SE compressional stress field by gravitational backsliding along a
major gently eastward-dipping decollement presently believed to underlie the southern
Appalachians is inconsistent with stress indicators suggesting compressional not
extensional tectonism in the topographically high, "breakaway" region of the fold belt.
Central U.S. seismicity, dominated by the New Madrid region, also appears localized in a
region of favorably oriented pre-existing faulting. This faulting is thought to be related
to a pre-Late Cambrian continental rift underlying the Mississippi embayment.
Restriction of seismicity to the axis of the old rift and not along the bounding faults
with~2 km of basement offset seem to require a weakening mechanism along the axis of
the rift.

Reports

Zoback, M. L., Anderson, R. E., and Thompson, G. A., 1980, Cenozoic evolution of the
state of stress and style of tectonism of the Basin and Range province of the
Western United States, Philosophical Trans. Royal Society London, in press.

Zoback, M. D. and Zoback, M. L., 1980, State of stress and intraplate earthquakes in the
central and eastern United States, submitted to Science.
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Figure 1: Miocene (ca. 20-10 Ma.) extensional tectonism. NNW-trending zone of rifting in the north
includes a broad zone of feeder dike swarms (heavy dashed lines) for the Columbia River basalts (CRB),
western graben of the Snake River Plain (SRP), and the Nevada rift (NR) (short dashed lines). Modern
Basin and Range and Rio Grande rift province is outlined. Light arrows in southern Nevada are
Miocene extension directions inferred from fault trends and stratal tilts within ranges. Heavy arrows
are Miocene least principal stress directions inferred from dike trends. Numbers along subduction zone
(barbed line) show southern extent of subduction (in m.y.B.P.). Dashed lines offshore indicate probable
trend of subduction zone now replaced by transform fault.
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Late Tertiary and Quaternary Shoreline Datum Planes and
Tectonic Deformation in the Southeastern United States

9590-02744

Thomas A. Ager
Branch of Paleontology and Stratigraphy
U.S. Geological Survey
12201 Sunrise Valley Drive
Mail Stop 970
Reston, Virginia 22092
(703) 860-7745

Investigations

1. Uplift rates for the last 3.0 m.y. were calculated for South Carolina and southern
North Carolina from comparison of the present position of emerged marine shorelines
and current models for eustatic sea level.

2. Geologic mechanisms that might account for the observed uplift rates were
investigated.

3. Final field work in Georgia could not be performed due to travel and budget
restrictions.

Results

1. Emerged marine shorelines and sediments in South Carolina and southern North
Carolina have been uplifted at rates of about 1 to 3 cm/1000 yr for at least the last 3.0
m.y. and perhaps at rates as high as 5 to 10 cm/1000 yr for the last few hundred thousand
years.

2. Two mechanisms appear responsible for the observed trends. Lithospheric flexure
from Mesozoic-Cenozoic sediment loading (and perhaps thermal contraction) offshore in
the Carolina Trough may have caused upwarping of the adjacent emerged Coastal Plain
over intervals of millions of years. Hydroisostasy, the flow of mantle material from
under the oceans to the continents due to deglacial meltwater from ice sheets entering
and depressing ocean basins, would, in theory, also cause uplift and may be responsible
for relatively rapid uplift during the past few hundred thousand years.

3. Different marine depositional sequences and neotectonic histories have been
determined for different regions in the Coastal Plain. Neotectonic vertical crustal
movements of a particular region are in part a function of its proximity to a primary
subsiding depositional trough of the Atlantic Continental Margin, such as the Carolina
and Baltimore Canyon Troughs.

Reports

Blackwelder, B.W., 1979, Stratigraphic revision of late Pleistocene marine deposits,
North and South Carolina: USGS Bulletin 1482-A, p. A52-A61.

Cronin, T.M., Szabo, B.J., Ager, T.A., Hazel, J.E., and Owens, J.P., in press, Quaternary

climates and sea levels, U.S. Atlantic Coastal Plain: Science. (Director's approval
4/1/80).
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Cronin, T.M., Szabo, B.J., Ager, T.A., Hazel, J.E., and Owens, J.P., in press, Quaternary
climates and sea levels, U.S. Atlantic Coastal Plain (abstract): Geological Society of
America Abstracts with Programs, Atlanta, 1980 (Director's approval 5/16/80).

Cronin, T.M., Eustacy, hydroisostasy and lithospheric flexure: the rates and causes of
neotectonic vertical crustal movements of the emerged southeastern Atlantic
Coastal Plain: submitted to Geological Society of America Bulletin (Director's
approval 8/7/80).

Ward, L.W. and Blackwelder, B.W., 1980, Stratigraphic revision of upper Miocene and

lower Pliocene deposits of the Chesapeake Group, Middle Atlantic Coastal Plain:
USGS Bulletin 1482-D, 61 p., 5 pls.
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TRENCHING THE ROSE CANYON FAULT ZONE
SAN DIEGO, CALIFORNIA

U.S.G.S. Contract No. 14-08-0001-19118

E. R. Artim
D. Streiff
Woodward-Clyde Consultants
3467 Kurtz Street
San Diego, California 92110
(714) 224-2911

t

INTRODUCTION

The Rose Canyon Fault zone, in the San Diego area, has
been mapped by investigators who have reported evidence of
tectonic displacement of Late Pleistocene and younger sedi-
ments (Kennedy, 1975; Kennedy and others, 1975; Kennedy and
Welday, 1977; Kennedy and others, 1978; Kennedy and Welday,
1980; Moore and Kennedy, 1975). The Rose Canyon Fault zone
has been shown to extend on land from the La Jolla Cove
Shores area for approximately 15 km south (Kennedy, 1975;
Kern, 1973; Ziony, 1973). Fault branches have been mapped
into and across downtown San Diego and the City of Coronado
(Kennedy, 1975; Leighton and Associates, 1978; Wiegand,
1970) .

GOAL

The goal of this research program is to develop geo-
logical data that will aid in evaluating the degree of fault
activity in the Rose Canyon Fault zone.

INVESTIGATIONS

1. We have logged and evaluated the geological condi-
tions of a 1,700-m (5,400-foot) long, 1.9- to 7-m (6~ to 22-
foot) deep excavation through downtown San Diego. The
excavation was generally perpendicular to previous mapped
fault locations. Geological samples.were collected for
dating, and various absolute dating techniques were used,
including radiocarbon, racemization, and uranium/thorium.
Ages of units were estimated by regional correlation based
on physical properties, faunal assemblages, and existing
criteria developed by Quaternary soil specialists.
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Figure 1: Miocene (ca. 20-10 Ma.) extensional tectonism. NNW-trending zone of rifting in the north
includes a broad zone of feeder dike swarms (heavy dashed lines) for the Columbia River basalts (CRB),
western graben of the Snake River Plain (SRP), and the Nevada rift (NR) (short dashed lines). Modern
Basin and Range and Rio Grande rift province is outlined. Light arrows in southern Nevada are
Miocene extension directions inferred from fauylt trends and stratal tilts within ranges. Heavy arrows
are Miocene least principal stress directions inferred from dike trends. Numbers along subduction zone
(barbed line) show southern extent of subduction (in m.y.B.P.). Dashed lines offshore indicate probable
trend of subduction zone now replaced by transform fault.
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Thomas A. Ager
Branch of Paleontology and Stratigraphy
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(703) 860-7745

Investigations

1. Uplift rates for the last 3.0 m.y. were calculated for South Carolina and southern
North Carolina from comparison of the present position of emerged marine shorelines
and current models for eustatic sea level.

2. Geologic mechanisms that might account for the observed uplift rates were
investigated.

3. Final field work in Georgia could not be performed due to travel and budget
restrictions.

Results

1. Emerged marine shorelines and sediments in South Carolina and southern North
Carolina have been uplifted at rates of about 1 to 3 cm/1000 yr for at least the last 3.0
m.y. and perhaps at rates as high as 5 to 10 cm/1000 yr for the last few hundred thousand
years.

2. Two mechanisms appear responsible for the observed trends. Lithospheric flexure
from Mesozoic-Cenozoic sediment loading (and perhaps thermal contraction) offshore in
the Carolina Trough may have caused upwarping of the adjacent emerged Coastal Plain
over intervals of millions of years. Hydroisostasy, the flow of mantle material from
under the oceans to the continents due to deglacial meltwater from ice sheets entering
and depressing ocean basins, would, in theory, also cause uplift and may be responsible
for relatively rapid uplift during the past few hundred thousand years.

3. Different marine depositional sequences and neotectonic histories have been
determined for different regions in the Coastal Plain. Neotectonic vertical crustal
movements of a particular region are in part a function of its proximity to a primary
subsiding depositional trough of the Atlantic Continental Margin, such as the Carolina
and Baltimore Canyon Troughs.

Reports

Blackwelder, B.W., 1979, Stratigraphic revision of late Pleistocene marine deposits,
North and South Carolina: USGS Bulletin 1482-A, p. A52-A61.

Cronin, T.M., Szabo, B.J., Ager, T.A., Hazel, J.E., and Owens, J.P., in press, Quaternary

climates and sea levels, U.S. Atlantic Coastal Plain: Science. (Director's approval
4/1/80).
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Cronin, T.M., Szabo, B.J., Ager, T.A., Hazel, J.E., and Owens, J.P., in press, Quaternary
climates and sea levels, U.S. Atlantic Coastal Plain (abstract): Geological Society of
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TRENCHING THE ROSE CANYON FAULT ZONE
SAN DIEGO, CALIFORNIA

U.S.G.S. Contract No. 14-08-0001-19118

E. R. Artim
D. Streiff
Woodward-Clyde Consultants
3467 Kurtz Street
San Diego, California 92110
(714) 224-2911

t

INTRODUCTION

The Rose Canyon Fault zone, in the San Diego area, has
been mapped by investigators who have reported evidence of
tectonic displacement of Late Pleistocene and younger sedi-
ments (Kennedy, 1975; Kennedy and others, 1975; Kennedy and
Welday, 1977; Kennedy and others, 1978; Kennedy and Welday,
1980; Moore and Kennedy, 1975). The Rose Canyon Fault zone
has been shown to extend on land from the La Jolla Cove
Shores area for approximately 15 km south (Kennedy, 1975;
Kern, 1973; Ziony, 1973). Fault branches have been mapped
into and across downtown San Diego and the City of Coronado
(Kennedy, 1975; Leighton and Associates, 1978; Wiegand,
1970) .

GOAL

The goal of this research program is to develop geo-
logical data that will aid in evaluating the degree of fault
activity in the Rose Canyon Fault zone.

INVESTIGATIONS

1. We have logged and evaluated the geological condi-
tions of a 1,700-m (5,400-foot) long, 1.9- to 7-m (6~ to 22-
foot) deep excavation through downtown San Diego. The
excavation was generally perpendicular to previous mapped
fault locations. Geological samples.were collected for
dating, and various absolute dating techniques were used,
including radiocarbon, racemization, and uranium/thorium.
Ages of units were estimated by regional correlation based
on physical properties, faunal assemblages, and existing
criteria developed by Quaternary soil specialists.
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2. We are preparing to complete a 2- to 5-m deep, 70-
to 130-m long test excavation across a scarp in the City of
Coronado. The scarp has been identified as the Coronado
Fault branch of the Rose Canyon Fault zone (Kennedy and
Welday, 1977; Kennedy and Welday, 1980). We will log the
trench and evaluate geological conditions. We will collect
faunal samples and have them dated by absolute techniques
and faunal assemblages. We will regionally correlate units
and ages of soil units by using existing criteria developed
through previous studies.

RESULTS

San Diego Trench

The stratigraphic sequence in the east-west excavation
has been disrupted by faulting at one general location. The
strike of faulting is generally north-south in the vicinity
of Broadway between Front Street and First Avenue.

The main shears are approximately .6 to 1.25 cm (1/4 to
1/2-inch) wide; short, discontinuous shears were observed
within a few centimeters of the main shears. Several paper-
thin, clay-lined fractures occur subparallel to the main
shears. Displacements along these fractures were usually
less than a few centimeters.

Some weathered zones extend down into the shears. The
sheared material is composed primarily of brecciated and
discolored sand containing silt and clay binder. 1In some
areas, the sheared materials have been altered to clay. A
vertical fracture, backfilled with red oxidized sand, grades
upward into an overlying paleosol. No clay gouge or slick-
ensided surfaces were observed along any of the shears.

The uppermost formational sand beds exposed in the
trench have apparent vertical displacements of 2 to 3 m.
Based on test boring correlations in the nearby area, there
appears to be a stratigraphic separation of 3 to 4 m in a
series of clay beds at depths between 16 to 20 m. The
results of eight amino-acid tests indicate the sands re-
present a continuous depositional environment and are
approximately 360,000 to 560,000 years old.

No shears or fractures extended up into an overlying
paleosol (estimated to be at least 20,000 years old) and no
irregularities that could be construed to be displacements
were noted at the base of a recent topsoil contact or the
paleosol. No other faults were observed in the trenches.

The fault area does not correspond to any gravity
anomolies (interpreted to be faults) identified in gravity
surveys performed in downtown San Diego (Harrington, 1980).
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The fault appears to be a normal dip-slip (vertical)
feature with the east side down relative to the west side.
Based on observations of the exposures, there is no evidence
to indicate significant strike-slip (horizontal) separation.
The fault is not typical of the strike-slip faulting that
characterizes major active faults in the Imperial Valley and
Baja California. The fault appears to be the result of an
extensional stress environment present in western San Diego.
That environment is also the cause of similar faults in the
area, such as the Texas Street Fault and the Florida Canyon
Fault.

Coronado Trench

The investigation in the City of Coronado will involve
excavating a trench down a city street. We are coordinating
our study with the City of Coronado to coincide with a city
street repair operation. At present, this part of our study
is scheduled to take place in the middle part of November
1980.
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Investigations

1. Compilation and 1interpretation of regional earth science information
relevant to the seismicity of the eastern United States continued.

2. An attempt was begun to define seismic source zones for the northeastern
United States.

Results

l. A preliminary version of the gravity map of Pennsylvania was exhibited. A
final version at a scale of 1:250,000 with a contour interval of two milligals
is being prepared. Progress has been slowed by the necessity of making
terrain corrections for some stations.

2. An average elevation map of the conterminous United States was produced at
a scale of 1:2,500,000; 20 m contours in the east, 100 m in the west. This
map will appear as GP-933, and is now scheduled for printing.

3. Several regional cross-trending gravity features were identified from a
new regional gravity map of New York and Pennsylvania and their relationship
to seismicity explored. Additional geophysical information regarding these
features is being evaluated. ;

4, It was noted that some of the aseismic regions of the eastern United
States exhibit geologic conditions which tend to suppress shallow earthquake
activity (e.g. soft sediments, geopressured zones, bedded salt, pre-existing
bedding-plane thrusts, and the 1like). Cautions are expressed that the
historical seismicity, based largely on felt reports, may not adequately
reflect the stress regime at depth because of decoupling or aseismic slip near
the surface.

5. An extensive review of the geology and geophysics of geothermal areas was

published, a part of which may be useful in problems of earthquake genesis and
distribution.
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Tectonic History of Eastern Ozark Uplift
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(303) 234-3353

Investigations

1. Continued compilation of structure and isopach maps of Paleozoic units in
the Newport and Pocahontas areas, Arkansas, for comparison with gravity and
magnetic intensity maps.

2. Began revision of maps of the western part of the upper Mississippi
Embayment (scale 1:250,000) showing structure contours drawn on the contact
of Paleozoic and post-Paleozoic rocks. New data were obtained from the
Missouri Geological. Survey, the Arkansas Geological Commission, the Arkansas
0il and Gas Commission, and the Arkansas Power and Light Company. Fieldwork
in problem areas of Missouri and Arkansas was continued.

3. Continued compilation of descriptions of cuttings from wells drilled in
northeastern Arkansas, for publication by the Arkansas Geological Commission.

Results

A northeast-trending graben about 70 kilometers wide that developed during

late Precambrian and early Paleozoic time crosses northeast Arkansas and
southeast Missouri. The central part of the graben was uplifted during middle
and late Paleozoic time after having accumulated a very thick sequence of
sedimentary rock. The general area became seismically quiet during much of
Mesozoic time when a nearly featureless erosion surface developed across the
truncated Paleozoic rocks. That surface was depressed regionally to form a
southward-plunging trough, the Mississippi Embayment, which was filled with
Cretaceous and younger deposits. The 300-kilometer-wide embayment appears to
have been positioned with little regard to the graben or other major structural
features of the underlying Paleozoic and Precambrian sequence. Its axis crossed
the graben at an angle of about 20°. However, nearly all of the local structural
features developed in the area during latest Cretaceous, Tertiary, and Quaternary
time appear to be results of recurrent igneous activity, uplift, and faulting
along the linear trend of the graben.

Local uplift of Tertiary deposits that overlie the deeply buried Newport pluton
of northeastern Arkansas is clearly defined by surface and subsurface data;
uplift associated with other plutons along the northwestern edge of the graben

is suggested by some of the preliminary evidence from agency files. High angle
reverse faulting in eastern Arkansas along the southeastern margin of the graben
is indicated by subsurface data. Local post-Cretaceous silicification of the
upper part of the Paleozoic sequence within the graben is now thought to be
associated with igneous activity that accompanied this recurrent reverse faulting
at the edge of the graben. Seismic data outline post—-Cretaceous faults in the
axial portion of the graben.
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Although work by other geologists has indicated that some post-Cretaceous
faulting has taken place in the upper part of the Mississippi Embayment well
beyond the geographic limits of the underlying graben, evidence that clearly
substantiates such faulting in southeastern Missouri was not found during a
reappraisal of surface and subsurface data. That investigation is being
continued.
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Eastern U.S. Seismicity and Tectonic Studies
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Investigations

l. Continuing analysis of land and marine seismic reflection profiles
from the Charleston, S.C., area with J. C. Behrendt and H. D. Ackermann.

2. Planning for additional reflection profiling in the Charleston area
with John Costain and Lynn Glover, Virginia Polytechnic Institute and
State University.

3. Participating in a seismic refraction survey of the northern
Mississippi Embayment with J. H. Healy, S. S. Wegener, W. D. Mooney, and

others from Menlo Park.

Resulgg

1. In the Charleston, S.C., area, evidence has been found on seismic
reflection profiles for a northeast-striking fault, which we have named
the Cooke fault, in the vicinity of a cluster of recent epicenters. The
fault offsets the Jurassic-age basalt layer by 50 m, southeast side
down, at a depth of about 750 m. The amount of offset decreases with
decreasing depth. A deeper reflection is offset by 190 m in the same
sense. The fault is at a much shallower depth than the hypocenters,
which are 3-13 km, so the relationship with seismicity is unclear.

2. In the offshore Charleston, S.C., area, marine seismic profiles
delineate a northeast-striking reverse fault, which is at least 60 km
long. Single-channel, high-resolution data show that the fault reaches
to within 10 km of the sea bottom. Deep structure is also revealed in
the profiles, including strong diffractions that occur systematically at
a two-way time of 3 to 4 seconds. These diffractions may define a sub-
horizontal zone of detachment.

3. A seismic refraction survey in the northern Mississippi Embayment
during September and October 1980 involved explosions at nine widely
distributed shot points. Each shot point was fired several times. The
shots were recorded on 100 portable seismographs. The data show
excellent records of 1) the direct P wave through the poorly
consolidated Cenozoic and Upper Cretaceous sediments, 2) the refracted P
wave through Paleozoic and Precambrian rocks, 3) later arrivals that may
be refractions and reflections from an intermediate crustal layer, and
4) Pn. Analysis of the data is just beginning.
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Tectonic Framework of the New Madrid
Seismic Zone from Geophysical Studies

9730-01035

Thomas G. Hildenbrand
Branch of Regional Geophysics
U.S. Geological Survey
Denver Federal Center, MS 964
Denver, CO 80225
(303) 234-5464

Investigations

1. Continued analyses of aeromagnetic and gravity data to determine the
tectonic evolution of the upper Mississippi Embayment.

2. Compiled a map of digital magnetic data of east-central United States.
3. Collected magnetic data, utilizing a truck-mounted magnetometer.
Results

Compilation of a magnetic map of east-central United States was carried
out to determine the northern terminus of the graben geophysically observed in
the Mississippi Embayment and to investigate possible geographic relationships
between the graben and other midcontinent structures. The northeast-trending
graben, called the Mississippi Valley graben, probably formed during early
stages of rifting in late Precambrian or early Paleozoic time and presently
contains the area of principal seismicity in the embayment. The delineation
of its northern terminus, consequently, plays an important role in determining
seismic risk in the midcontinent. The data indicates that the Mississippi
Valley graben, defined as a 70 km-wide depression with a series of plutonic
masses along its margins, terminates in western Kentucky. A geophysical
lineament does, however, extend northeastward from the embayment. This
lineament may be an expression of a major crustal flaw, formed possibly in
Archean time when the crust was thin and susceptible to internal stresses. We
propose that the graben tectonically developed along this crustal flaw in the
embayment and that although the graben terminates in western Kentucky, the
crustal flaw extends northeastward to the Great Lakes region.

The magnetic map of east-central United States reveals several
northeast—- and northwest-trending megalineaments corresponding to crustal
flaws. These lineaments display a mosaic pattern resembling blocks. Each
block contains either a Paleozoic basin such as the Illinois, Michigan, and
Appalachian basins, or uplifts, that include the Cincinnati Arch, Nashville
Dome, Ozark Uplift, and Wisconsin Uplift. To gain a better understanding of
the tectonics and characteristics of the crustal flaws, studies are being
conducted to determine their relationship to present-day seismicity and past
igneous activity.
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Magnetic data, gathered with a truck-mounted magnetometer, have supplied
detailed information on igneous bodies within the seismotectonic zone in the
embayment and on faults that border the Mississippi Valley graben.
Interpretational models for a particular magnetic gradient observed 25 miles
northwest of Memphis suggest that a 1 km offset in magnetic basement occurs at
a depth of 3.5 km. Because this gradient lies near the southeast margin of
the graben, we interpret the associated offset as a high-angle normal fault
formed during the initial phases of rifting.
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Central and Eastern U.S. Earthquake Study
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Investigations

1. Compilations of gravity, aeromagnetic and digital terrain data covering
extensive regions of the central and eastern United States were compared with
seismicity distribution maps as a means of investigating the structural causes
of earthquakes.

Results

l. Wavelength filtered gravity maps prepared by Robert W. Simpson for
extensive regions of eastern North America were examined for correlation with
seismicity trends. The high-pass filtering method, which removes mantle and
some broad crustal and near-surface sources, emphasizes sharp anomalies which
for the most part can be attributed to structural boundaries or to structural
blocks or plutons with steep sides. The map with wavelengths greater than

100 km removed shows that the Anna, Ohio, seismicity is located in part of a
region where anomalies are distinctively sharper than those in the surrounding
areas. The cause of the anomaly contrast is not completely clear except that
it occurs in the upper, perhaps shallow, crust. Aeromagnetic data indicate
that the sources are at least partly igneous. The map with wavelengths
greater than 250 km removed shows a cross-trend that correlates with the
Virginia-Alabama seismicity belt; a correlation between the belt and a digital
terrain feature had been previously noted. The cross-trend appears as a
disruption of an anomaly pattern that is defined by an elongation of anomaly
axes along the Appalachian trend. The precise cause of the cross-trend is not
clear, but it appears to involve near-surface rocks as well as igneous masses
within the basement. A puzzling aspect of the cross—trend is that it also
correlates with the orientation of surface thrusts which, according to recent
seismic work, should only involve superficial rocks above a master decollement-.

2. Study of terrain maps has concentrated on the causes of terrain relief.
Part of the relief is caused by differential erosion where carbonate rocks have
been removed by dissolution at a much faster rate than those removed by
mechanical erosion. More than one third of the mass of the southernmost
Appalachians may have been removed in this manner. As a result, there is a
substantial change in the lateral distribution of the surface load represented
by the terrain. A possible source of deformation might be isostatic response
to the change in load distribution.
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Puerto Rico Seismic Program
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C. J. Langer
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5091

Investigations

The Puerto Rico seismographic network has continued operation throughout the
last six months at a reduced level. Only eleven of the fifteen stations are
currently transmitting data because of instrument malfunctions that could not
be repaired owing to a lack of spare parts. The University of Puerto Rico has
tentatively agreed to assume responsibility of the network operation and data
analysis beginning sometime in late 1980, with continued technical assistance
provided by the USGS.

Results

The Puerto Rico Seismic Program has contributed significantly to an increased
understanding of the rate and distribution (spatial and temporal) of seismic
activity within the region of Puerto Rico. A greater awareness of the nature
of earthquakes occurring on-island has been gained through the detailed study
of ten seismogenic zones. Study of these zones has provided important
information that is being incorporated into a Professional Paper concerning
the tectonics and seismicity of Puerto Rico and to the compilation of a
seismicity map of recent Puerto Rican earthquakes. The map and Professional
Paper will summarize the results of the Puerto Rico Seismic Program during the
six-year period between early 1975 and the end of 1980.
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Quaternary Stratigraphy and Bedrock
Structural Framework of Giles County, Virginia
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R. C. McDowell
Branch of Eastern Environmental Geology
U.S. Geological Survey
National Center, MS 928
Reston, VA 22092
(703)860-6503

Investigations

1. Investigations of Quaternary deposits by Hugh Mills continued. Mapping
of colluvial deposits in the Mountain Lake area was completed, New River
alluvium was sampled for mineralogical analysis. The data is to be used in
a search for a means of identifying and describing neotectonic activity in
the area.

2. A detailed map of the Paleozoic bedrock is under compilation, and the
bedrock structure is being analyzed, in order to determine the relationship,
if any, of the bedrock to current seismicity.

Results

1. Study of colluvial deposits has provided evidence on their origin and
support for the Pleistocene age of some of them. No direct evidence of
seismic effects has yet been identified.

2. Mapping of the "Hurricane Ridge' syncline has shown a somewhat more
complex relationship between the southern and central Appalachians at the
"Allegheny Front'' than has been heretofore recognized. Structures of the

two provinces appear to interesect and interfere rather than pass from one
province into the other. Geometric relationships at the juncture appear to
indicate that central Appalachian structures were developed before those

of the southern Appalachians. Seismicity in Giles County, just to the south-
east of the juncture, shows a trend more compatible with central structures
than with the southern structures below which it occurs.

Reports

Mills, H. H., 1980, The influence of boulder deposits on the retreat of
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Ground Failure Related to the New Madrid Earthquake
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Engineering Geology Branch
U.S. Geological Survey
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Investigations

1. Completed a 1:250,000 scale map showing distribution of sand
blows caused by the 1811-12 New Madrid earthquakes in the
Mississippi alluvial valley. The map shows the percent of the
land surface covered with extruded sand, and is based on
airphotos taken in the late 1930°s supplemented with extensive
field checks.

2. Completed computer—assisted analysis of field engineering
test data (500 Standard Penetration Tests, and about 3500 blow
count data points) to determine relative susceptibility of large
regions in Mississippi alluvial valley to liquefaction during
1811-12 earthquakes. Completed maps showing locations of
Standard Penetration tests and regions with significantly
different susceptibilities to sand blow development during 1811-
12,

Results

1. Areas with major sand-blow development extend large distances
eastward and northward from regions shown by Fuller in USGS
Professional Paper 494, "The New Madrid Earthquake," and go
approximately to the Chickasaw Bluffs in western Tennessee.

These extensions must be viewed as a major sand-blow development
area when considered in terms of the areal distribution of sand
subject to liquefaction, character of sand extruded onto the
ground surface, and quantity of sand extruded onto the ground
surface.

2. Large areas in the Mississippi River alluvium west of
Sikeston’s Ridge are only weakly susceptible to sand-blow
development because the sands are either coarse or have high
relative densities (as reflected by high Standad Penetration Test
blow counts). In contrast, alluvium further south is much finer
grained and has significantly lower blow counts, and thus was
much more susceptible to sand-blow development during 1811-12.
Thus, surface evidence of previous earthquakes,6 would be much less
manifest in the northern parts of the valley.

3. The sand blow distribution map and the liquefaction relative
susceptibility map prepared as part of this study are very
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supportive of the location of the New Madrid fault made using
recent seismic-reflection profiles, and reported by Zoback and
others, in Science, Vol. 209, pp. 971-976.

Reports

None
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Northeastern U.S. Seismicity and Tectonics
9510-02388

N. M. Ratcliffe
Branch of Eastern Environmental Geology
U. S. Geological Survey
U. S. National Center, MS 925
Reston, VA 22092
(703) 860-6406

Investigations

l. Relationship of ductile and brittle faults in southeastern New York and
adjacent New Jersey and relationship to zones of seismicity.

Results

l. A preliminary tectonic map (Fig. 1) for the Ramapo seismic zone has
been produced based on reconnaissance and detailed study of exposed
faults.

2. Comparison of epicentral data with this map reveals that:

a.) Mesozoic faults (although more widely developed than previously
believed) do not satisfy the distribution of earthquakes.

be) Seismicity in the Ramapo zone decreases markedly north of 41,5°N and
west of the Green Pond syncline although Mesozoic type faulting
extends well beyond these boundaries.

ce) A broad area in the northern Reading Prong, east of the Hudson
River, is marked by extensively developed phyllonitic shear zones
of Proterozoic Y and Ordovician age and by deep seismic
activity.

d.) A linear zone of earthquake activity east of the Hudson River in
Westchester County, New York, has earthquakes extending to 11
km. This zone can not be correlated with any known Mesozoic
faults although more ductile faults of Paleozoic age are present.

3. These investigations indicate that the assumption that reactivation of
Mesozoic faults (the Ramapo fault) to produce current seismicity in the
New York area is too simple. Instead, recurrent earthquakes in the
Ramapo seismic zone appear to be restricted to areas where appreciable
thicknesses of penetratively faulted Proterozoic Y rocks are exposed or
are near the surface, whereas earthquakes appear to be absent where
crystalline basement forms thin overthrust sheets. The key to current
seismicity here probably lies in understanding the attitude and
distribution of major through-going Paleozoic and older fault zones in
basement rocks extending from near the surface to depths of 15 km.
These faults are ancestral to Mesozoic border faults as a rule.
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Reports

Ratcliffe, N. M., 1980, Brittle fault (Ramapo fault) and phyllonitic
ductile shear zones in the basement rocks of the Ramapo seismic zone,
New York and New Jersey, and their relationship to current seismicity,
in Field Studies of New Jersey Geology and Guide to Field Trips, 52und
Ann. Mtg. N. Y. Geol. Assoc., Rutgers Newark, p. 278-31l1l.

Ratcliffe, N. M., Armstrong, R. L., Mose, D. G., Seneschal, Ronald,
Williams, Neil, and Baiamonte, Matthew, in press, Emplacement history
and tectonic significance of the Cortlandt complex, related plutons and
dike swarms in the Taconide zone of southeastern New York based on K-Ar
and Rb-Sr investigations: Amer. Journal Science.

Ratcliffe, N. M., The Cortlandt-Beemerville magmatic belt: a late Taconic
alkalic crosstrend in the central Appalachians: submitted to Geology.
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Mississippi Valley Seismotectonics
9950-01504

D. P. Russ
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5065

Investigations

1. Cenozoic faults exposed in sediments in quarries near Cape Girardeau,
Missouri, and Paragould, Arkansas, were mapped and studied.

2. An exploratory trench was excavated across the surface projection of
Cottonwood Grove fault, 5 km southwest of Ridgely, Tennessee. This fault
lies in an area of relatively intense seismicity, is reverse in nature, and
has the largest known Cenozoic vertical offset (~80 m) of any fault in the
New Madrid seismic zone.

3. Assisted in planning and executing a seismic refraction survey in the
Mississippi Embayment with J. R. Healy, S. Wegener, R. Hamilton, and K.
Shedlock.

4. Ray-Wave theory modeling of faults and igneous bodies from data obtained
from Mississippi Embayment seismic reflection profiles was carried out with
S. Harding.

5. A report was prepared on Seismic Source Zones of the Central Interior
United States based on notes and maps compiled at a meeting on June 10-11,
1980. The source zone map was a cooperative effort of a number of geoscien-
tists and was drawn on the basis of historical seismicity and, where appli-
cable, geologic and geophysical knowledge.

6. Samples of igneous rock cuttings from Mississippi Embayment wells were
collected from the Missouri Division of Geology and Land Survey and from
colleagues working in the area for radiometric age-dating, petrologic, and
possibly, geochemical analysis. This study is a cooperative effort with R.
Zartman and B. Doe of the Branch of Isotope Geology. It is being done to
characterize the igneous history of the Mississippi Embayment and to deter-
mine its relationship to tectonics and seismicity.

7. Sediment samples of the Festus Terrace (late Pleistocene) were collected
from sites along Mississippi River tributaries in southeast Missouri. Heavy
minerals have been separated from the samples and will be analyzed by scan-
ning electron microscopy as a means of establishing stratigraphic correlations

of various terrace surfaces. The terrace surfaces are being investigated for
evidence of Quaternary deformation.

8. A detailed mineralogical description of sediment samples from the New
Madrid Test Well (using a binocular microscope) was completed.
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Results

1. A quarry 3 km northwest of Cape Girardeau, Missouri, exposes faulted sand
and gravel sequences of part of the Pliocene (?) deposit formerly known as
the "Lafayette Gravel." The largest outcrop in the quarry shows several
stepping faults of gravel against sand and clay. The largest measured offset
was 1 m. Though reversal of dips suggest that some of the deformation may be
the result of slump, the overall dip direction indicates that the majority of
the deformation is tectonic. A quarry located along the northwest edge of
Crowleys Ridge, about 25 km northwest of Paragould, Arkansas, exposes faults
that displace beds of the Eocene Wilcox(?) Formation. Previous studies of
faults in a roadcut located 0.5 km south of the quarry revealed that some
offsets were the result of landsliding, but geological relationships observed
in the quarry suggest that the faults here are tectonic in origin.

2. Cottonwood Grove fault trends to the northeast from near the town of
Cottonwood Grove, Tennessee, to the southern shore of Reelfoot Lake. As seen
on seismic reflection profiles, the fault displaces strata as young as middle
Eocene age in a reverse sense. The fault can be traced on the profiles to
within ~150 m of the ground surface where the measured offset is about 65 m.
In September 1980, a 120-m-long exploratory trench was dug across the surface
projection of the fault in the small town of Cottonwood Grove to determine
whether or not the offset is present at the ground surface. Easily mappable
strata of alluvium were evident in the trench walls providing good control
for the detection of possible faulting. The sediments, however, showed no
evidence of faulting, indicating that either the Cottonwood Grove fault has
not ruptured since the time of deposition of the sediments (<6,000 yr BP)
that the projection of the fault to the surface is incorrect, or that possible
recent displacement of the fault did not propagate to the surface.

3. Ray- and wave-theory techniques were used to generate synthetic cross
sections from data obtained from seismic reflection profiles run in the New
Madrid seismic zone. The techniques were used to determine if physical
models of intrusive masses and faults could produce geologic configurations
similar to those observed on the profiles. Results show that modeled struc-
tures reproduce those seen on the reflection profiles quite closely. Margins
of igneous bodies, especially those beneath the bodies, are not well resolved
by either the profiles or the synthetic cross sections. The ray- and wave-
theory results support interpretations made earlier from the reflection
profiles. More detailed results and figures are included in S. Harding's
semi-annual report.

4. Based on opinions offered by geoscientists from mid-continent universities,
NRC, and the U.S.G.S. at a meeting held in Golden, Colorado, on June 10-11,
1980, nine seismic source zones were delineated for the Center Interior
United States. The source zones were defined on patterns of historical
seismicity and, where possible, geological and geophysical knowledge. Source
zone 1 is the area where the largest earthquakes to affect the central U.S.
have occurred. It is generally coincident with the Reelfoot rift or graben
as defined by Hildenbrand and others (1977) and was assigned a maximum esti-
mated magnitude of my 7.5 and a recurrence time of 600-700 years. Source
zone 2 occupies a postulated extension of the rift in southeast Illinois and
southwest Indiana and includes the Wabash Valley fault zone. It was assigned
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a maximum estimated magnitude of my 6.5 and a recurrence time of 1,000 years.
Source zone 6 is a north-northeast trending area of seismicity in central and
eastern Ohio and northeast Kentucky that includes the general area of the
Sharpsburg, Kentucky, earthquake sequence of July-August 1980.

Reports

Crone, A. J., 1980, Deformation of the Paleozoic bedrock surface in the New
Madrid seismic zone, northern Mississippi Embayment [abs.]: Geological
Society of America Abstracts with Programs, 1980 Annual Meetings, v. 12,
no. 7, p. 408.

Harding, S. T., and Russ, D. P., 1980, Ray- and wave-theory modeling of
seismic-reflection profiles to interpret geologic structure in the New
Madrid seismic zone [abs.]: American Geophysical Union Midwest Meeting,
1980, Program and Abstracts, p. 15.

McKeown, F. A., and Russ, D. P., 1980, Possible significance of rifts and
alkalic rocks to the location of earthquakes in the New Madrid, Missouri,
region [abs.]: American Geophysical Union Midwest Meeting, 1980, Program
and Abstracts, p. 15.

Russ, D. P., 1980, Holocene deformation and earthquake recurrence in the
northern Mississippi Embayment [abs.]: Geological Society of America
Abstracts with Programs, 1980 Annual Meetings, v. 12, no. 7, p. 513.

Zoback, M. D., Hamilton, R. M., Crone, A. J., Russ, D. P., McKeown, F. A.,

and Brockman, S. R., 1980, Recurrent intraplate tectonism in the New
Madrid seismic zone: Science, v. 209, p. 971-976.
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TRENCHING STUDIES OF THE SAN ANDREAS FAULT BORDERING
WESTERN ANTELOPE VALLEY, SOUTHERN CALIFORNIA

Contract No. 14-08-001-18200
Derek Rust

Dept. of Geology, Humboldt State University
Arcata, CA 95521 (707) 826-3165 or 3931

Investigations

1) One trench was dug across the active fault zone in area of ponded
alluvium, with the objective of recognizing and radiometrically dating
the succession of recent great earthquakes.

2) Two trenches were dug near the edge of a large landslide which has
been bisected and offset some 40 metres by displacement on the main
trace of the fault. The objective was to obtain a radiometric age
for the landslide and thereby determine an average rate of fault
displacement.

Results

Evidence was found for a sequence of four faulting events, ending
with the faulting associated with the 1857 earthquake. Dates for the
prehistoric events cannot be proposed until final age determinations
are available from a series of charcoal samples collected from the
trench. These radiometric dates, together with dates from charcoal
found within the landslide deposit, have been promised soon.
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Northeast Tectonics and Geophysics
9730-00364

Robert Simpson
Branch of Regional Geophysics
U.S. Geological Survey
Denver Federal Center, MS 964
Denver, CO 80225
(303) 234-2624

Investigations

1. Compilation of available gravity data for the Northeast. Publication of
contoured gravity maps at various scales suitable for regional and local
studies.

2. Compilation and digitization of available aeromagnetic data from the
Northeast, and collection of additional data from areas of interest.
Publication of contoured maps and digitized data sets.

3. Collection of gravity, magnetic and other geophysical data in areas of
‘tectonic or seismic significance.

4. Interpretation of regional geophysical anomalies and their relation to
tectonic features and the plate tectonic history of the region.

5. Modelling and interpretation of local geophysical anomalies to test
specific hypotheses for the origin of seismicity.

Results

1. A Bouguer gravity map of the Northeastern U.S. at a scale of 1:1,000,000
is now on open file. This map was prepared from a data base of 90,000 gravity
stations both onshore and offshore. All U.S. land stations have been computer
terrain corrected into a distance of .895 km. This map is compatible with
Harwood’s geologic compilation of this area.

2. Colored gravity and terrain maps have been prepared which cover the
Northeastern U.S. and the East Central U.S. at a scale of 1:2,500,000. These
maps include free air gravity, Bouguer gravity, horizontal gradient of Bouguer
gravity, first and second vertical derivatives of Bouguer gravity, and
residual Bouguer anomaly maps.

3. Correlations appear to exist between the patterns of seismicity in the
Eastern U.S. and the gradients and residuals of the Bouguer anomaly field. 1Imn
particular, areas with low gravity gradients and small Bouguer residual
anomalies appear to have a significantly lower level of seismicity than a
random distribution of earthquakes would warrant. Conversely, however, it is
not true that all areas with high gravity gradients and large residual Bouguer
anomalies have high levels of seismicity. This may reflect the shortness of
the earthquake record or the possibility that areas with a particular
structural grain are being preferentially reactivated.
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4. 1In order to test whether or not the correlation of earthquakes with
gravity features could be accounted for by the stresses in the crust needed to
support these features, a series of load induced stress maps was prepared.

The starting point was the free air gravity field which to first approximation
is a measure of the total mass under a given spot. An equivalent source in
the form of a two-dimensional sheet of mass is easily calculated and this
sheet is imagined to be spread over the top of a semi-infinite elastic half
space, so that the stress tensors at any desired depth can be calculated.
Several crude assumptions intervene between the free air gravity field and the
stress field, but the results probably are good enough to support or refute a
possible correlation of load induced stresses with earthquakes. It appears
that although several loci of earthquakes are near persistently high levels of
load induced stress, the correlation in general is pretty poor. Since the
variable rock mechanical properties of different geologic terrains has not
been incorporated into this analysis, it is possible that the load induced
stresses are indeed an important factor in localizing earthquakes. However,
without a great deal of more detailed geologic parameters built in, load
induced stress maps will not likely be good predictors of earthquake
occurrence in the Eastern U.S.

5. My impression at this stage is that many of the gravity gradients and
residual anomalies which correlate well with seismicity patterns are marking
fundamental structures in the crust which are being reactivated in complicated
ways by the regional tectonic stress field. My impression is that areas with
a NE grain to the gravity field experience more earthquakes than areas with
other trends or with random patterns of anomalies. There is a suggestion that
major NW trending cross structures in Precambrian basement which interrupt and
offset Bouguer residual anomalies may serve to localize seismicity.

Reports

Hodge, D. S., Bothner, W. A., and Simpson, R. W., 1980, Preliminary Bouguer
gravity map of Eastern Maine and adjacent Canada: U.S. Geological Survey
Open File Report 80-618, scale 1:250,000.

Bothner, W. A., Simpson, R. W., and Diment, W. H., 1980, Bouguer gravity map

of the Northeastern United States and adjacent Canada: U.S. Geological
Survey Open File Report 80-2012, scale 1:1,000,000.
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Structural Framework of Eastern United States Seismic Zones
9950-02653

R. L. Wheeler
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5087

Investigations

1. New and existing data and understanding of central Appalachian structures
and tectonics were used to identify the most likely types of faults respons-
ible for seismicity in and near Giles County, southwestern Virginia.

Efforts were coordinated with faculty at Virginia Polytechnic Institute and
State University (J. Costain, L. Glover III, and especially G. A. Bollinger),
with other USGS projects (especially 9510-02463 of R. C. McDowell), and

with other pertinent investigators. See results 1 and 2, reports 1, 2, and
7.

2. Work continued to improve a pattern recognition program developed in
the USSR and at M.I.T., in order to use it to seek seismically-associated
patterns in geological, geophysical, and topographic characteristics of the
Southeastern United States. See result 3, report 3.

3. Work continued to characterize, locate, and interpret cross-strike
structural discontinuities (CSD's), which are transverse alignments of
structural disruptions (for instance, anticlinal noses) in the Appalachian
and other thrust belts. Some CSD's occur over long-active basement faults
otherwise masked by overlying thrust complexes. See report 6.

4. Work continued to develop efficient methods to map intensity of systema-
tic joints (joint surface area per unit volume of rock). CSD's are charac-
terized by high joint intensity, and it is possible that joints are more
intensely developed in exposures above seismogenic faults. See report 8.

5. Mathematical and statistical collaboration was provided to other projects,
through work of K. M. Shedlock. See reports 4 and 5.

a. K. M. Shedlock began work on a manuscript with D. G. Herd and others
on "The next great San Francisco Bay area earthquake," intended for
submittal to Science. Travel and computer work supported by project
9540-01950, D. G. Herd, and project 9930-02103, W. L. Ellsworth.

b. K. M. Shedlock continued work on evaluating sensitivity of risk
calculations to various parameters used in the calculations, with
D. M. Perkins, computer work supported by project 9950-01207,
S. T. Algermissen.
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Results

1. New relocations of Giles County seismicity by G. A. Bollinger (VPI and
SU) define a seismic zone, which strikes N37°E for about 32 km and dips
vertically to a depth of about 25 km. Exposed folds and faults in Giles
County, all detached, trend about N60°E. Wheeler synthesized knowledge of
structures in the detached Paleozoic sedimentary rocks in and near Giles
County (mostly published cross sections, measurements and estimates of
stratigraphic thicknesses, and basement depths inferred from stratigraphic
thicknesses, wells, and aeromagnetic data). He concluded that the relo-
cated hypocenters are below the deepest detachment faults, which lie in
Lower Cambrian and Middle Ordovician shales. The hypocenters are in unde-
tached early Paleozoic sedimentary rocks or the underlying metamorphic and
igneous basement rocks. Accordingly the seismicity probably has no simple
relationship to surface or near-surface geology. Three Phanerozoic tectonic
episodes produced northeast-striking, high-angle, basement-cutting faults
in the Virginias. (1) The youngest such episode formed Mesozoic normal
faults as the Atlantic Ocean opened, but they are apparently unknown as far
west as Files County. (2) In the central Appalachians and elsewhere,
crustal loading by emplacement of thrust sheets has recently been observed
or inferred to have faulted basement rocks, in a brittle analogue of iso-
static depression caused by much lighter continental glaciers. gf the
basement fault or fault zone that may be associated with the N37 E-trending
seismic zone did form by such thrust loading, the basement fault would have
formed coevally with central Appalachian thrusts, because it shares their
characteristic north-northeast trends. However, the thrusts now overlying
the seismic zone trend east-northeast, an orientation characteristic of

the southern Appalachians, and do not appear to be cut by the inferred
would have been emplaced before those of the scuthern Appalachians. This
deduced relative age of southern and central Appalachian detachment is con-
tradicted by three of the four extant local field determinations of relative
ages of structures of central and southern Appalachian orientations. There-
fore the sparse existing evidence makes it unlikely that the seismicity
occurs on a fault formed by thrust loading. (3) Early Paleozoic opening

of the Iapetus Ocean also produced north-northeast-striking normal faults,
which occur as far west as western-most West Virginia. It is reasonable to
expect such faults to occur as far east as the Iapetan continental edge in
central Virginia, and so under Giles County as well. Thus, reasonable in-
terpretation of tge sparse data available indicates that the most likely
source of the N37 E-trending seismic zone is an Iapetan normal fault re-
activated in today's compressional stress regime. Because such faults may
be common in the Eastern United States, it becomes important to zoning
efforts to learn why Giles County seismicity is concentrated in such a
small zone.

2. We are studying computer-generated, colored contour maps of digitized
terrain and Bouguer gravity data, produced respectively by M. F. Kane and
coworkers (project 9730-02176A) and R. Simpson (project 9730-00364). 1In
particular, location of the Iapetan continental edge of North America has
long been inferred to be at a large gravity gradient that extends from

New York State to Alabama. The most striking offset in the gradient is
several tens of km southeast of Giles County. Bouguer and derivative maps
provided by Simpson appear consistent with the suggestion that a major
Iapetan transform fault or fault zone strikes northwest through the Giles
County area. Testing that suggestion may help explain why the N37 E-trending
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seismic zone may be only about 32 km long, and why there is also diffuse
seismicity elsewhere in and near Giles County. Results of such testing
may also be useful in zoning for hazard and risk in the urbanized States
near Washington, D.C.

3. M. Jones-Cecil has completed a substantially revised and improved
version of an existing pattern recognition program, for application to
seismicity of the Southeastern United States. Use of statistical rather
than arbitrary selection criteria now make any detected patterns more
reliable than when using the original version. Local patterns can now
also be detected, in addition to patterns occurring over the entire re-
gion being investigated. A test application to the Southeastern United
States detected patterns which Jones-Cecil interprets as indicating that
four areas of large or moderate earthquakes, including Giles County and
Charleston, South Carolina, may have different causes of seismicity than
does the rest of the Southeast. Maps of detected patterns suggest that
pattern recognition may be a useful adjunct to historical seismicity in
hazard zoning of the Eastern United States, where seismogenic structures
are so rarely exposed or clearly identified. An open-file report of 141
pages has passed technical review and is in editorial review. The report
includes details of descriptions, analyses, and usage recommendations
for the new version of the pattern recognition program.

ReBorts

Bollinger, G. A., and Wheeler, R. L., 1980(?), The Giles County, Virginia,
seismic network--monitoring results, 1978-1980 (abs.): submitted for
presentation at meeting of Eastern Section of Seismological Society
of America, 28-30 October 1980, University Park, Pa., and for pub-
lication in Earthquake Notes.

Bollinger, G. A., and Wheeler, R. L., 1980, The Giles County, Virginia,
seismogenic zone (abs.): Geological Society of America Abstracts with
Programs, v. 12, no. 7 (in press) (to be presented at national meeting
of Geological Society of American, 17-20 November 1980, Atlanta, Ga.).

Jones-Cecil, M., Wheeler, R. L., and Dewey, J. W., 1980(?), Modified pattern
recognition technique used to study Southeastern United States seismicity
(abs.): submitted for presentation at meeting of Eastern Section of
Seismological Society of American, 28-30 October 1980, University Park,
Pa., and for publication in Earthquake Notes.

McGuire, R. K., and Shedlock, K. M., 1981(?), Statistical uncertainties in
seismic hazard evaluations in the United States: Bulletin of the
Seismological Society of America, 38 ms. p. (in press).

Shedlock, K. M., McGuire, R. K., and Herd, D. G., 1980(?), Earthquake recur-
rence in the San Francisco Bay region, California, from fault slip and
seismic moment: U.S. Geological Survey Open-File Report 80-999, est.

20 ms. p. (in press).
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Wheeler, R. L., 1980, Cross-strike structural discontinuities: possible
exploration tool for natural gas in Appalachian overthrust belt:
Bulletin of American Association of Petroleum Geologists, v. 64 (in
press).

Wheeler, R. L., and Bollinger, G. A., 1980(?), Types of basement faults
probably responsible for seismicity in and near Giles County, Virginia
(abs.): submitted for presentation at meeting of Eastern Section of
Seismological Society of America, 28-30 October 1980, University Park,
Pa., and for publication in Earthquake Notes.

Wheeler, R. L., and Dixon, J. M., 1980, Intensity of systematic joints:
methods and application: Geology, v. 8, p. 230-233.
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Surface Faulting Studies
9940-02677

M. G. Bonilla
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, California 94025
(415) 323-8111, Ext. 2245

Investigations

1. Study of rupture fraction.

2. Trench investigation of faults.

3. Census of surface faulting in U.S., 1979-1984.
4. Preparation of reports.

5. Other activities.

Results

1. Studies of the rupture fraction (rupture length/total fault length) in
historic faulting are in progress. Twenty-nine faults with well-determined
rupture lengths were chosen for the study. Landsat imagery was obtained,
examined for quality and coverage, and new imagery ordered for the few
places not adequately covered. Skylab photography is being obtained.
Topographic maps at various scales have been acquired for nearly all the
study areas and assembled in convenient format. A listing was made of
aerial photography for the U.S. faults and selected photo-indexes have been
acquired. Bibliographic search for pertinent geological and geophysical
lTiterature was begun and is complete for two events. Maps of several dozens
of faults active in Quaternary time were examined to learn what kinds of
geometric patterns occur in the terminal areas of faults. Of the faults
examined, termination by cross faults was the most common pattern.
(Coinvestigator J. J. Lienkaemper.)

2. Data from a trench across the 1915 Pleasant Valley, Nevada fault was
re-evaluated in collaboration with R. E. Wallace and H. A. Villalobos. The
data suggest that the numerous late Pleistocene and Holocene displacements
at the trench site were consistently small, probably 1 m or less. Further,
the recurrence time of faulting is apparently shorter than previously
thought. Although age controls are poor, the evidence suggests that at
least two episodes of displacement occurred before 1915, possibly in the
last 5,000 years.
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3. The census of surface faulting in the U.S. was continued. This involves
encouragement of (and limited participation in) a search for surface
faulting in the epicentral areas of all shallow-focus earthquakes on land of
M > 5 in the U.S. during the 5-year period 1979-1984. The compiled data,
supplemented by data on earlier well-investigated earthquakes, will be used
to estimate the probability of surface faulting as a function of earthquake
magnitude and focal depth. A reconnaissance was made of the faulting that
accompanied the Mammoth Lakes, California earthquakes of May 25, 1980 and
support was given to a field reconnaissance of the epicentral area of the
Kentucky earthquake of July 27, 1980.

4. The manuscript on the Pleasant Valley, Nevada, trench was substantially
revised. The first draft of a short, overview report on faulting in the
U.S. was prepared.

5. Other activities: Participated in revision of draft of American Nuclear
Society Criteria and Guidelines for Assessing Capability for Surface
Faulting at Nuclear Power Sites; prepared and presented lecture on surface
faulting at University of California, Berkeley, course called "Advances in
Earthquake Engineering."

Report
Bonilla, M. G., Lienkaemper, J. J., and Tinsley, J. C., 1980, Surface

faulting near Livermore, California associated with the January 1980
earthquakes: U.S. Geological Survey Open-File Report 80-523.
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SURFACE FAULT TRACES AND HISTORICAL EARTHQUAKE
EFFECTS NEAR LOS ALAMOS VALLEY,
SANTA BARBARA COUNTY, CALIFORNIA

U.S5.G.S. Contract No. 14-08-0001-18255

G. E. BROGAN
E. G. HEATH
P. D. GUPTILL

Woodward-Clyde Consultants
4000 West Chapman Avenue
Orange, California 92668

(714) 634-4440

Investigations

The evaluation of surface faulting near Los Alamos included
interpretation of 1:24,000-scale, low-sun-angle aerial
photographs covering approximately 325 square miles. Major
and minor lineaments were compiled on 1:24,000-scale maps.
Based on the aerial photographic interpretations, geo-
morphic features indicative of fault activity along the
lineaments were identified. Examination of the lineaments
and geomorphic features in the field led to the selection
of two trench sites across a fault 3.5 miles southeast of
Los Alamos. Both sites were associated with sag depressions
at the foot of a fault scarp. A comprehensive accumulation
of newspaper accounts of the 1902 and 1915 earthquakes has
been collected to allow for review of geologic effects of
the earthquakes with respect to the known faults.

Results

Two strong lineament trends were identified north of Lake
Cachuma that extended to the northwest as far as the
central Santa Ynez Valley. Both trends coincide with
prominent scarps in Pliocene and Pleistocene sediments.
Toward the west the scarps diminish in height and promin-
ence. Together, the two lineaments bound an apparent
structural graben. The southern lineament coincides
with the Baseline fault and is evidenced by deflected
and antecedent streams. The northern lineament is geo-
morphically expressed as a south-facing scarp accompanied
by numerous faceted ridges. No fault is yet mapped along
this northern trend, although along its western segment, a
highly dissected Pleistocene terrace surface is syste-
matically down-dropped to the south.
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West of the Santa Ynez Valley, the most prominent lineament
coincides with the Los Alamos fault trending along the
northern edge of Los Alamos Valley. The fault is marked
by a hillside scarp, linear trenches, and a few sag
depressions aligned along the fault trace. The fault trace
projects westward from the north side of Los Alamos Valley
at Confaglia Ranch to the south side of the valley and
apparently dies out west of Los Alamos along the north
flank of an overturned anticline.

East of Los Alamos Valley, the fault is not clearly marked
by the topography, but a vague lineament has been traced to
Los Olivos approximately along the axis of a syncline.
Two Pleistocene terraces, possibly vertically offset across
the lineament, may be evidence for the location of a
connection between the Los Alamos fault and the Baseline
fault.

Two trenches were excavated across the Los Alamos fault on
the north side of Los Alamos Valley. The fault exposed in
both trenches consists of a series of low-angle (10°-40°),
south-dipping sheared surfaces with a reverse sense of
slip. Observed slickensides on the sheared surfaces are
consistently down dip. The fault is quite youthful, having
offset the base of a "B" soil horizon in one location and
the base of an "A" soil horizon in another 1location.
Although age dating of offset lithologic units could not be
accomplished because of the absence of datable materials,
it is probable that the offset "A" soil is Holocene or
latest Pleistocene in age. Based on the proximity of the
fault to Los Alamos and the youthfulness in offsets, the
Los Alamos fault is the most likely source of the 1902 and
1915 earthquakes.

The Baseline fault scarp morphology is strikingly similar
to the Los Alamos fault, with the south side uplifted
forming a scarp facing upstream. Antecedent streams across
the scarp have no lateral offset, which suggests that the
Baseline fault is dip slip and probably a thrust style of
faulting similar to the Los Alamos fault.

The development of faulting in the central Santa Maria
district is apparently due to north-northeast compression
across the basin. This regional compression has caused
extensive Plio-Pleistocene folding and associated reverse
faulting. With the available geologic data, no component
of strike-slip faulting is postulated.
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Physical and Mathematical Description of Active Faults
9950-01538

R. C. Bucknam
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5086

No report received.
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HOLOCENE BEHAVIOR OF THE SAN ANDREAS FAULT AT DOGTOWN
POINT REYES NATIONAL SEASHORE, CALIFORNIA

by

William R. Cotton
N. Timothy Hall
Edward A. Hay

Foothill-De Anza Community College District
Los Altos Hills, California

During the last year, seven exploratory trenches were excavated across the
1906 trace of the San Andreas fault at a site northwest of San Francisco near Bolinas
and Point Reyes. The site is approximately 1 kilometer northwest of the small hamlet
of Dogtown (Woodville) and along the San Andreas rift valley which separates
Bolinas Ridge and Inverness Ridge.

Shortly after the 1906 earthquake, G. K. Gilbert (Lawson, 1908) traced the
fault through this area and compiled notes documenting the location and amount of
offset due to surface faulting. South of the Dogtown site he noted a stand of eucalyptus
trees offset approximately 4 meters, and at the Strain Ranch north of the site a fence
was offset nearly 3.5 meters. The Dogtown site is approximately equidistant between
these two points and is in line with several fault-related geomorphic features. From
the stand of eucalyptus trees to the trench site, the trace of the fault can be followed
across the valley floor by a series of features such as offset stream channels, a low
east-facing scarp and a sag pond (Figure 1). The most striking feature is the offset
stream bank of Pine Gulch Creek, located immediately to the northwest of the research
site. Here the stream bank is approximately 2 meters high and has been displaced
along the 1906 trace for a distance of nearly 4.5 meters. Seven exploratory trenches
were excavated across the suspected trace of the fault where it crosses the valley floor
southeast of Pine Gulch Creek (Figure 1).
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The walls of the exploratory excavations were logged geologically, and samples
of carbonaceous materials were collected for radiocarbon dating. All of the excava-
tions revealed clear evidence of the 1906 rupture. In addition, at least four seismic
events that occurred before 1906 were indicated. The geologic data exhibited within
the exploratory trench excavations have been compiled as a "schematic composite"
of all of the trench logs (Figure 2). The locations of four preliminary radiocarbon
dates that we feel are our most accurate values are shown on the composite log.
Carbonaceous materials were sampled selectively to bracket the four pre-1906 seismic
events. The reported ages are:

1906 Event
380 + 85 years

Pre-1906 Event - |

740 + 115 years

Pre-1906 Event - Il

880 * 75 years

Pre-1906 Events - Il and IV

1410 * 100 years

As a result of our subsurface work, we now believe that at least four pre-1906
earthquakes can be demonstrated to have occurred at the Dogtown site. The two
most recent events are defined by rupture surfaces that are truncated by unconformities
while the two remaining events are recognized by decreasingly similar stratigraphic
juxtapositions across the fault surface (Figure 2). These dissimilar stratigraphic
juxtapositions could have resulted only from continued lateral movements. Indeed,
there may be several seismic events recorded by each of these older stratigraphic
offsets. Consequently, we are planning to do additional work in this area.

A proposal for a research grant that will enable us to continue our investigation
of the Dogtown site during the academic year 1981-1982 has been tentatively approved.
We believe this location to be the most informative locality north of Pallett Creek for
establishing recurrence intervals on the San Andreas fault. At present we have evidence
that five, and perhaps more, seismic events causing significant ground rupture have
occurred in this region during the last 1410 + 100 years.
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Fault Activity of the Three Points and Pine Canyon Segments,
San Andreas Fault Zone, Los Angeles County, California

14-08-0001-18244
James E. Kahlel and Allan G. Barrows2

California Division of Mines and Geology
1416 Ninth Street, Room 1341
Sacramento, California 95814

1(213) 620-3560 2(213) 825-3787

Investigations

Annotated fault maps of the Pine Canyon and Three Points segments of
the San Andreas fault zone, in Los Angeles County have been prepared on
orthophoto bases, at a scale of 1:12,000. Field mapping on stereopairs
of aerial photographs as well as interpretation of several sets of
aerial photographs has been the primary activity on this project.

Results

Mapping of fault traces and fault-related features within a 20 km
stretch of the San Andreas fault zone that lies 15 km east-southeast of
Gorman and 35 km west-northwest of Palmdale has been completed. Within
the 114 square km area covered by the segment maps a cumulative total of
more than 40 km of recently active fault traces and shear zones has been
mapped.

An abundant and varied assemblage of geomorphic fault features and
local geologic data provides extremely strong evidence for recent fault
activity not only along the main trace of the San Andreas fault but also
along many branch and secondary faults. Local widening of the fault
zone is caused by faults clustered in complex concentrations of both
right-stepping and left-stepping, en echelon, short fault strands.

These zones of well-preserved faults are commonly less than 100 m wide but
may be as much as 400 m wide, locally. Away from the San Andreas fault
zone, longer faults (greater than 1 km) with well-preserved or youthful
fault features occur both north and south of the main trace, although
there appear to be more south of the fault.
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Rocks of the pebbly arkose member of the Hungry Valley Formation
(late Pliocene and early Pleistocene?) occur north of the San Andreas
fault in the Pine Canyon area and appear to be offset right-laterally
from lithologically similar rocks south of the fault which crop out 15
to 31 km to the west. The undivided rocks of the Hungry Valley
Formation have apparently been offset about the same amount or at
least within the same range of offsets.

The upper member of the Hungry Valley Formation north of the
San Andreas fault is estimated to be offset right-laterally 12 to 27 km
from like rocks south of the fault. The rocks north of the fault were
deposited on early Miocene Neenach Volcanic rocks. Rocks of the
Sandberg Formation, possibly late Pleistocene in age, derived from
sources south of the San Andreas fault, were deposited on the upper
Hungry Valley rocks north of the fault, and have subsequently been
offset 6-9 km right laterally.
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Tectonic Geomorphology and Eafthquake Hazard:
North Flank, Central Ventura Basin, California

14-08-0001-17678

: Dr. E. A. Keller
Departments of Environmental Studies
and Geological Sciences
University of California
Santa Barbara, California 93106
(805) 961-3415

Investizations

1. Evaluation of the earthquake hazard associated with a newly defined
zone ¢ active and potentially active reverse faults near Oak View, California.

2.  Evaluation of the earthquake hazard and alluvial fan deformation along
the San Cayetano fault, Central Ventura Basin, Ventura, California.

3. Develop a tentative soil chronclogy to assist in the evaluation of
deformed geomorphic surfaces in the Central Ventura Basin.

Results

1. A zone of active and potentially active reverse faults near Oak View,
California (Figure 1) indicates a need for re-evaluation of the significance
of the 0jai Valley to the tectonics of the western transverse ranges. The
zone is more than 15 kilometers in length and up to 7 kilometers wide, strikes
approximately east-west, and contains at least 7 mappable faults that cut
terrace gravels of late Pleistocene age. Individual faults are south dipping
and displacements range from high angle reverse to thrust. The south-side-up
relative displacement is in marked contrast with the seismically active San
Cayetano and Red Mountain, north-dipping faults, which bound-the zone to the
northeast and southwest respectively.

The Red Mountain fault is interpreted to die out to the east in a set of
tight overture folds east of the Ventura River. Crustal shortening inferred
along the San Cayetano fault which apparently terminates to the west near
0jai and the Red Mountain fault may be taken up in part by the newly identified
zone of south-dipping, south-side-up faults.

Geomorphic expression of faulting which suggests late Pleistocene tec-
tonism include: Linear escarpments separating several levels of the Oak View

147



87T

Tp | Pico

Tsq | Sisquoc

Tm | upper Monterey

lower Monterey

Rincon -

Vaqueros

OLIGOCENE p———— MIOCENE ————n—]} °
LI = Fases:
=

Ts | Sespe

GENERALIZED GEOLOGIC MAP
(Bedrock only)

OAK VIEW AREA, VENTURA CO.
CALIFORNIA

GH

Generaiized map (bedrock only) showing synclinorium and zone of active and potentially
active soutnh-dipping and south-side-up reverse faults.



H5

strath terrace (dated by radiocarbon at 29,360 + 2,610 y.b.p.) along which
faults outcrop in several exposures, faulting Miocene sedimentary rocks over
Oak View terrace gravels; and tilted Oak View terrace surfaces with sag ponds
internal drainage, and possible drainage reversals.

Several active and potentially active faults near Oak View show bedding-
plane or flexural-slip that offset the 0Oak View terrace as well as Holocene
colluvium and soil. Faulted surfaces tilt toward the axis of an underlying
synclinorium which suggests that movement along the bedding-plane faults is
due to the folding of the syncline. Fault planes project along bedding planes
into the underlying synclinal trough region rather than cut across the structure.
Movement along bedding planes occurs in part in incompetent bentonitic layers
and apparently does not extend downward into the basement complex. Thus, it
is concluded that movement along these faults (at Oak View) is only capable of
producing earthquakes of small magnitude. Since the faults are several kilo-
meters long and some of them are active (cut Holocene material), they may be
incorrectly evaluated as capable of producing earthquakes of moderate to large
magnitude. However, several kilometers to the east, the faults apparently
coaiesce and probably are capable of producing larger earthquakes.

The Qak View fauits do represent a potential ground rupture hazard. The
displacement rate associated with the Oak View flexural-slip faulting is estimated
to be 3.5 mm/year during the last 30-40,000 years. Surface rupture may be in-
trinsically induced by compression associated with folding of the bedrock, or
sympathetically triggered by earthquakes along major faults in the area such
as the =ed Mountain or San Cayetano faults. Thus Ojai and nearby cities and
towns are located in a seismically.active area and will remain vulnerable to
potentizlly damaging seismic shaking. In addition, continued vertical dis-
placement along flexural-slip faults is a potential ground rupture hazard
which may damage any structure or road constructed across these faults. A
potentiai landslide hazard associated with unconsolidated terrace deposits
along fault scarps also exists.

2. Pleistocene and Holocene alluvial fans on the north side of the Santa
Clara River Valiey, California, are being actively deformed in conjunction
with active thrust faulting along the San Cayetano fault (Figure 2). Several
generations of alluvial fans in Orcutt Canyon display tilting and uplift in
proportion to the relative ages as determined from their soil profile develop-
ment. The oldest fan remnants are tilted to 17 degrees with intrafan fault
offsets of up to 100 meters. Present unfaulted fans have slopes of about 6
degrees at the same proximity to the San Cayetano fault indicating at least
11 degrees of basinward tilting. Faulting of the fan occurs both directly by
the San Cayetano fault-and by bedding-plane faults induced by regional north=
south covergence.

In Orcutt Canyon, alluvial fans begin at the main fault trace where
bedrock is faulted up and eroded, forming long, narrow valley-fill fan
deposits. These deposits are faulted by flexural-slip induced bedding
plane faults with scarps up to 60 meters high in the oldest deposits.
Moderate- to large-magnitude earthquakes would only be expected to be
generated along the main San Cayetano fault zone which juxtaposes Eocene
sandstones and shales over early to mid-Pleistocene conglomerates. The
bedding-plane faults probably only produce small-magnitude earthquakes as
they do not extend to depths where large earthquakes are generated. They
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do however produce potential ground rupture hazard.

The San Cayetano fault is potentially active with a both seismic shaking
and ground rupture hazard; probably capable of producing a San Fernanco (1971)
type earthquake of M6 to M7 (Yeats, Clark, Keller, Rockswell, in preparation)
at Sisar Canyon, the main trace of the San Cayetano fault: is represented by a
65 meter scarp in mid to late Plesitocene alluvial fan deposits, and at Bear
Canyon alluvial fan deposits are being folded and faulted by a strand of the
fault. Estimated slip rates vary from a maximum of 3.6 mm per year in the
central portion of the fault to a minimum of 0.66 mm per year toward the west-
ern terminus. These rates are compatible as displacement per earthquake event
as well as total displacement should die out toward end points of the fault.

3) Soiis in the study area show a great range of variability in profile
characteristics and in apparent age. Nevertheless, the older surfaces show
stronger profile development and thus a soil chronosequence exists. - The

soil range from Holocene (Q;) to late Plesitocene(Q,). Two radiocarbon dates
used in conjunction with kn&wn deformation of geomothic surfaces facilitate
the assignment of tentative ages to the seven members of the chronosequence,
providing a tool to estimate deformation rates associated with folding and
faulting. :

Based on soils correlation it is provisionally concluded that the multi-
ple terrazce surfaces at different elevations in the Oak View area are all '
tectonicaily segmented pertions of the Oak View terrace.

Palexeralfs in the study area appear to form in as short a period to
23,000 tz 30,000 years, considerably faster than rates estimated for simi-
iar soils in the California interior. Fast rates of pedogenesis reflect tex-
ture and composition of the parent material, increase weathering, acidic
conditions, stability of the geomorphic surface (although deformed, the
surfaces are nearly horizontal), annuai precipitation pattern, downward flow
of soil -meisture, and eolian input of salt and dust.

Reports

Clark, Michael and Keller, Edward, 1979, Newly identified zone of potentially
active reverse faulting, western Transverse Ranges, California; Geol.
Soc. Amer., abstracts with programs, v. 11, no. 7, p. 402-403.

Clark; Michael and kel]er3 Edward, 1980, éafthquaké.hazzard eQa]uation of
-active faults near 0jai, California; Geol. Soc. Amer., abstracts with
programs, v. 12, no. 3, p. 102.

Rockwell, Thomas and Keller, Edward, 1980, Alluvial fan deformation along the

San Cayetano fault, western Transverse Ranges, California; Geol. Soc.
Amer., abstracts with programs, v. 12, no. 3, p. 150.
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Correlating and Dating Quaternary Sediments by Amino Acids

9460-01996

Keith A. Kvenvolden
Pacific-Arctic Branch of Marine Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 856-7150

Investigations

1. Completed a detailed study of the amino acid geochemistry of bones from
Rancho La Brea, California, in order to evaluate (a) the effect of asphalt
impregnation and (b) the usefulness of bones preserved in asphalt for amino
acid dating.

2. Amino acid dating techniques were applied to bulk sediment samples col-
lected by means of an hydraulic piston core on Leg 68 of the Deep Sea
Drilling Project. This preliminary work compared amino acid parameters in
a virtually continuous undisturbed section of late Neogene and Quaternary
sediment and provided a test of amino acid dating over a span of about

8 million years.

Results

1. Amino acids in bones from the Rancho La Brea asphalt deposit in Los
Angeles, California, are remarkably well preserved as compared with amino
acids in bones of equivalent age that have not been preserved in asphaltic
tar. In this study amino acids were recovered from seven samples ranging

in age from less than 200 to 36,000 years as determined by radiocarbon.

The rate of decrease with age of total amino acid concentrations and the
rates of racemization of individual amino acids in the asphalt preserved
bones are much less than the rates observed for bones from other localities.
For example, the average rate constant for the racemization of aspartic acid
in La Brea bones is 4.6 x 10~6yr-l while in bone not preserved in asphalt
from a southern California soil environment the rate constant is 1.08 x 10™>
yr=l. The excellent state of preservation of amino acids in these asphalt
impregnated bones may result from the asphalt reducing the permeability of
the bone to water and protecting the bone from microbial activity. This
study has shown that amino acids can be useful as a means of estimating ages
of asphalt-preserved bones. The method can be used to date other la Brea
samples for which there is no radiocarbon control and can be extended to
other localities where bones are preserved in asphalt.

2. Preliminary amino acid analyses of four samples from a 228 m core of
foram-bearing nanno marl from the western Caribbean show in general an
increase in extents of racemization and a decrease of concentrations with
depth. Extents of racemization increase by about a factor of two whereas
concentrations of protein amino acids decrease by about a factor of two over
the time interval of about 8 million years represented by the core. The
calculated rates of amino acid racemization are between 106 and 10-7yr-1
which is the same range that has been reported previously for amino acids

in calcareous clays. The non-protein amino acid, §-aminobutyric acid,
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increases in concentration with depth, and its concentration may be useful
for estimating age. Although the trends in the data are as expected, the
results are not systematic. For example, the amino acids in the deepest
sample (210 m), which is of Miocene age, have lower extents of racemization
and higher concentrations than do the amino acids in the sample at about

120 m (Lower Pliocene). These results may indicate the effects of different
environmental conditions at these periods. Analyses of four additional
samples will fill in the gaps and provide further informatién for evaluation
of the amino acid dating method applied to a broad time span of 8 million
years.

Reports

Kvenvolden, K. A., and Blunt, D. J., 1980, Amino acid dating of Saxidomus
giganteus at Willapa Bay, Washington, by racemization of glutamic
acid: in Hare, P. E., Hoering, T.C., and King, K., Jr., eds., Biogeo-
chemistry of Amino Acids, Wiley, p. 393-399.

Kvenvolden, K. A., 1980, Interlaboratory comparison of amino acid racemiza-
tion in a Pleistocene mollusk, Saxidomus giganteus:: in Hare, P. E.,
Hoering, T. C., and King, K., Jr., eds., Biogeochemistry of Amino
Acids, Wiley, p. 223-232.

Blunt, D. J., and Warnke, D. A., 1980, Amino acid stereochemistry in Antarc-
tic marine sediments: Islas Orcadas Piston Cores 12-77-41 and
12-77-24: in Hare, P. E., Hoering, T. C., and King, K., Jr., eds.,
Biogeochemistry of Amino Acids, Wiley, p. 121-128.

Blunt, D. J., Kvenvolden, K. A., and Sims, J. D., 1981, Amino acid dating of
sediments from Clear Lake, California: Geology (approved by Director
and submitted to journal).

Kvenvolden, K. A., Blunt, D. J., and Clifton, H. E., 1981, Age estimations
based on amino acid racemization: Reply to Comments of J. F. Wehmiller:
Geochim. Cosmochim. Acta (accepted for publication).
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Seismological Field Investigations

9950-01539

C. J. Langer
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5091

Investigations

1. Kentucky aftershock study--regional investigation of the July 24, 1980,
magnitude 5.2 (M) earthquake near Sharpsburg.

2. Utah aftershock study--regional investigation of the September 30, 1978,
magnitude 5.3 (M;) earthquake near Duchesne.

Results

1. The magnitude 5.2 (M;) earthquake that occurred near Sharpsburg, Kentucky,
on July 27, 1980, was fe?t throughout a thirteen-state area and also the
Canadian province of Ontario. The main shock was located approximately 50 km
ENE of Lexington (38.174° N latitude, 83.907° W longitude, depth = 8 km) and
roughly 25 km north of the North Kentucky fault zone. Known or suspected
faulting in this region have complex geometries (Randy Keller, personal
communication) and are generally post-Pennsylvanian in age. Historically,
this earthquake represents the first significant seismic event within the
vicinity of Sharpsburg.

On July 28, a field-investigations team was dispatched from Golden, Colorado,
to Lexington with fifteen portable seismographs (ten vertical-component
smoked-paper recording systems and five three-component digital systems).
Within two days, these instruments were incorporated into the ten-station
temporary network installed shortly after the earthquake and jointly operated
by the University of Kentucky (UK) at Lexington (R. L. Street) and the
Tennessee Earthquake Information Center (TEIC), Memphis State University (J.
E. Zollweg). Three additional vertical-component smoked-paper units from
Virginia Poleytechnic Institute and State University (VPI & SU) at Blacksburg
(G. A. Bollinger) were also included into the final seismograph network
configuration that surrounded the epicenter of the main shock. The entire 28-
station network was operational until August 8, when TEIC/UK removed all but
two of their instruments. On August 9, the VPI & SU systems were removed and
on August 10, the Golden team picked up the USGS equipment. An agreement was
made by all parties involved with the aftershock monitoring that TEIC would be
responsible for the initial reduction, analysis, and interpretation of the
aftershock network records.

Preliminary results obtained from TEIC (J. E.. Zollweg, written communication)
indicate that at least 52 aftershocks with a magnitude range of approximately

-1.5 < M; < 1.9 were recorded by the network; three additional aftershocks
with magnitudes between about 1.0 and 1.5 occurred prior to the deployment of

the TEIC/UK portable seismographs. A set of 29 well-recorded aftershocks was
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located using joint hypocenter determination techniques with a local crustal
model developed from quarry blasts and well logs. Typical relative locations
appear to have a precision of about 0.6 km in epicenter and 1.0 km in depth.
The relative hypocenters define a plane striking northeast and dipping at
about 55° to the southeast; depths range from about gix to sixteen km. The
fault area defined by the aftershocks is about 40 km?. A composite focal
mechanism solution for some of the largest aftershocks indicates right-lateral
strike-slip motion with a large component of reverse faulting along a plane
striking at about N40°E.

2. A magnitude 5.3 (ML) earthquake occurred on September 30, 1977,
approximately 35 km north-northeast of Duchesne, Utah, near the boundary
between the southern flank of the Uinta Mountains and the Uinta Basin. The
main shock was followed by several hundred aftershocks, the largest of which
was a magnitude 4.7 (ML) earthquake on October 11. The epicentral region has
historically exhibited a very low rate of seismic activity. No surface
faulting was observed for this earthquake sequence.

Locations of 173 well-recorded aftershocks from data obtained by a twelve-
station temporary ssismograph network define an epicentral area of
approximately 12 km“ (3.3 km E-W; 3.5 km N-S). Depths range from about 4.5 km
to 7.5 km and have an apparent dip to the east-southeast of approximately

45°. Composite focal mechanism solutions for seven sub-clusters of
aftershocks agree remarkably well. The predominant mode of faulting is normal

along planes striking about N18°E with an average dip of approximately 40°
ESE.

Reports

Carver, D. and Bollinger, G. A., 1980, Aftershocks of the June 20, 1978,
Greece earthquake (abs.): Earthquake Notes, v. 50, no. 4, p. 61-62.

Carver, D. and Bollinger, G. A., 1980, Aftershocks of the June 20, 1978,

Greece earthquake: A multimode faulting sequence: Tectonophysics (in
press).
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Soil Correlation and Dating, Western Region
9540-02192

Denis E. Marchand
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111 x 2009

Investigations

About 120 soil profiles (22670 samples) have been described and sampled for
laboratory analysis to study changes of properties in eleven well dated time
sequences (chronosequences) of soils in the western United States. Partial or
complete laboratory data is now available for seven of these chronosequences.
The chronosequence profiles are developed in alluvium, colluvium, till, and
marine terrace deposits derived from granitic, volcanic, metamorphic, and
sedimentary terrains in Colorado, western Washington, and California (table
1). Laboratory analyses are being conducted by the University of California
(Davis) and the U.S.G.S. (Menlo Park and Denver). Ken Trott will continue the
Menlo Park analytical work begun by Ann Walker. R. M. Burke, D. E. Marchand,
J. W. Harden, and P. W. Birkeland have reconnoitered more than 15 potential
new chronosequences in California, Washington, Idaho, Montana, Wyoming,
Colorado, Arizona, New Mexico, and west Texas.

Soil data stored in Multics files for each profile and sample include 25 field
properties, soil thin section information, quantitative mineralogy of very
fine sand fractions, semiquantitative mineralogy of clay fraction, bulk
density, complete particle size information, 25 chemical properties of the
less-than-2 mm soil fraction, and bulk chemistry of the less-than-2 mm and
silt-plus-clay fractions (13 elements by X-ray spectroscopy, 26 elements by
neutron activation) for a total of more than 100 properties. We are also
storing soil chronosequence data published by previous workers. Emily Taylor
is developing programs to facilitate the loading of Multics files and to
streamline plotting and statistical analysis by MINITAB and SPSS.

Our studies are coordinated with other projects involved in Quaternary dating,
including uranium series and uranium-trend dating, amino acid dating,
tephrochronology, thermoluminescence, magnetostratigraphy, and other studies
involving soil chronosequences.

Results

Nearly all properties investigated thus far show changes with time. For some
properties, the changes are irregular; for others the changes are systematic
enough to be of use for correlation or dating purposes. Bulk density and
organic-related properties such as nitrogen, carbon, and organic phosphorus
change rapidly during the first few thousands of years, eventually reaching a
steady state condition. Other properties such as free iron oxides, free
aluminum oxides, particle size, clay mineralogy, and properties related to
leaching appear to change more slowly, These properties are more valuable as
time indices for older soils. Results from X-ray fluorenscence and neutron

156



H5

activation analysis continue to show striking and systematic changes in bulk
soil chemistry with age. Aluminum, silicon, iron, calcium, magnesium,
hafnium, and scandium yield the best age trends, but manganese, sodium,
potassium, barium, nickel, zirconium, tantalum and thorium also give good
plots against absolute time. Zirconium and hafnium appear to be very stable
elements during soil formation.

Rates of changes in soil properties are clearly not linear. When plotted
against linear time, most properties display an initial rapid increase
followed by a slower rate of increase. Against log time (figures 1 and 2),
many properties show an increasing slope with time. We do not know at this
time whether the change in slope is a response to internal factors such as
clay buildup, to external factors such as climatic change, or both. Rates of
change are affected by both climate and parent material: soil properties
change more rapidly in western Washington than in the drier San Joaquin
Valley; rates are more rapid for volcanic and metavolcanic than for granitic
parent materials and more rapid for silty than sandy deposits.

Jennifer Harden has formulated a quantitative index of soil development based
on field morphological properties. This index yields a clear curvilinear plot
against 1og10 time for the Merced River chronosequence (fig. 1). The index
plotted here is based on soil hue and chroma, texture, clay films, dry
consistency, wet consistencey, and thickness. A modified index now being
developed will take into account such additional field properties as
structure, degree of stratification, field pH, and moist consistency and will
be applied to the other chronosequences.

Grain mounts of the very fine sand fraction of the Merced River soils show
progressive etching, alteration, and depletion of weatherable minerals and
buildup of stable minerals with time (fig. 2). We are still evaluating the
utility of mineralogical analysis, given the time necessary for statistically
significant grain counts, but it is clear that thin sections and grain mounts
provide important information concerning the extent to which previously
weathered materials are reworked into younger soil profiles.

Reports

Birkeland, P. W., Burke, R. M., and Walker, A. L., 1980, Soils and subsurface
rock-weathering features of Sherwin and pre-Sherwin glacial deposits,
eastern Sierra Nevada, California: Geol. Soc. America Bull., Part I., v.
91, p. 238-244,

Harden, J. W., and Marchand, D. E., 1980, Quaternary stratigraphy and
interpretation of soil data from the Auburn, Oroville, and Sonora areas
along the Foothills fault system, western Sierra Nevada, California:

U.S. Geological Survey Open-file report 80-30, 57 p.

Ponti, D. J., Burke, D. B., Marchand, D. E., Atwater, B. F., and Helley,

E. J., 1980, Evidence for correlation and climatic control of sequences
of late Quaternary alluvium in California (abs): Geological Society of
America, Abstracts with Programs, v. 12, no. 7, p. 501.

Walker, A. L., The effects of magnetite on the use of the acid-ammonium
oxalate and sodium-citrate dihydrate methods of free iron extraction from
soils to determine relative soil age: Manuscript approved by Director
and submitted to Soil Science Society of America Journal.
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Table 1. Summary of information and research status for chronosequences under investigation by the project.
Parent Material
Chronosequence Classification Climate Vegetation Provenance1 'I'extur-e2 Age Number Number Number Present
(mature soil) Range of Units of Profiles of Samples Status
1. Western Sierra Palexerult Mediterranean Foothill mv psgr 9k-600k s 12 4o 9
Nevada Foothills, (Csa) Woodland
CA MAT 60°F
MAP 32"
2. Merced River, Typic Mediterranean Valley gr sa 0-3my 9 34 209 7-9
Northeastern Palexeralf (Csa) grassland
San Joaquin MAT 62°F
Valley, CA MAP 12"
3. Dry Creek, Typic Mediterranean Valley m,a si,sa 0= 1my 8 9 51 6-7
Northeastern Palexeralf (Csa) grassland
San Joaquin MAT 62°F
Valley, CA MAP 12"
4. Front Range, Borept Highland Alpine gr psbo,sa  0-10k y 8 25 6-7
Colorado (ET) fell-fields
MAT 25°F
MAP 30-35"
5. Cowlitz River, Paleudult Marine West Douglas fir a si/cogr 0-1.5my 9 13 80 6-7
western WA Coast forest *
MAT 52°F
MAP 47"
6. Ventura area, Natric to Coastal Coastal -2 si/psgr 0-85k y 8 53 5-6
CA - fine- Mollic Mediterranean chaparral
grained Palexeralf (Csb)
MAT 60°F
MAP 15"
7. Ventura area, Natric or Coastal Coastal s-3 cogr 0-250k 5? 2 14 3-6
CA - gravelly Typic Mediterranean chaparral
Palexeralf (Csb)
MAT 60°F
MAP 15"
8. Palisades, Borept Highland Alpine gr psbo,sa  0-10k 3 T 23 5
eastern High Tundra fell-fields
Sierras, CA (ET)
MAT 25°F
MAP 35"
9. Ano Nuevo, Natric or Mediterranean Coastal s-2 psgr 0-320k y 6 58 4-5
central CA Mollie to Marine Prairie
coast Palexeralf to West Coast
Palexerult (Csb)
MAT 56°F
MAP 37"
10. Honcut Creek, Mollic to Mediterranean Valley a,my,gr si 0-250k b 17 100 5
southeastern Typic (Csa) grassland
Sacramento Palexeralf MAT 62°F
Valley, CA - MAP 21"

nongravelly

SH



Parent Material

66T

Chronosequence Classification Climate Vegetation Provenance‘ Textur‘e2 Age Number Number Number Present
(mature soil) Range of Units of Profiles of Samples Status
11. Honcut Creek - Typic Mediterranean Valley a,mv,gr cogr 250k -3my y 2 12 3-5
gravelly Palexeralf (Csa) grassland to
MAT 62°F Foothill
MAP 21" Woodland
12. Rock Creek, Paleboroll to Continental Sagebrush gr, s-2 cogr 0-600k 5-6 - - 2-3
southwestern Paleargid Subarctic scrub
Montana (Dwb)
MAT 42°F
MAP 16-22"
13. Bighorn Basin Gypsiferous Continental Sagebrush- s-3,4 psSgr 0-600k 5 - -— 2-3
northern Wyoming Paleargid Subarctic Creosote
(Dwb) bush scrub
MAT 45°F
MAP 7"
14. Tuolumne River, Typic Mediterranean Valley gr,and,m sa 0-600k 1 8 U 3-6
northeastern San Palexeralf (Csa) grassland
Joaquin Valley, CA MAT 61°F
MAP 13"
15. Stanislaus River, Typic Mediterranean Valley gr,and,m sa 0-600k 1" 7 32 3-6
northeastern San Palexeralf (Csa) grassland
Joaquin Valley, CA MAT 61°F
MAP 13"
16. Santa Cruz, CA Mollic Marine West Coastal gr sa 0-1my 9 -- - 3
Palexerult to Coast to Prairie -
Palexeralf Coastal Medi- Redwood
terranean Forest
(Csb)
MAT 56°F
MAP 37"
17. Colorado Paleboroll Continental Plains m,gr sagr 0-1.5my 8 -— - 2
Piedmont to Subarctic grassland
Paleargid (Dsa)
MAT 52°F
MAP 19"
18. Kern River, Paleargid Dry Mediter- Dry Valley gr,s-2 cogr 0-260k 5 - - 1
southeastern San ranean (Csa) grassland
Joaquin Valley, MAT 65°F
CA MAP 6"
19. West-central Paleargid Dry Mediter- Dry Valley s8-2,mv psgr 0-260k T - = 1
San Joaquin ranean (Csa) grassland
Valley, CA MAT 62°F
MAP 8-11"
20. San Diego, CA Palexeralf Coastal Chaparral gr sa 2 ? - - 1
Mediterranean
MAT 63°F
MAP 10"
21. Antelope Valley, Palexeralf Dry Mediter- Creosote s-2,m-gr gr,sa 0-400k 7 -- - 1

CA

to Paleargid

ranean (Csa)
MAT 55-60°F
MAP T7-12"

Bush Serub
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Parent Material

Chronosequence Classification Climate Vegetation Provenance ' Texture2 Age Number Number Number Present
(mature soil) Range of Units of Profiles of Samples Status
22. Sonora Junction, Paleboralf Continental Sagebrush gr,and sagr 0-450k y - - 1
eastern Sierra Subarctic scrub, edge
Nevada, CA (Dsb) of Montane
MAT 43°F Con. Forest
MAP 8-9"
23. Boise River, Palexeroll Continental Grassland, edge b cogr ? i - - 1
Idaho Subarctic of Montane Conif.
(Dsa) Forest
MAT 50°F
MAP 12-15" ,
24, Wenatchee area, Paleudalf to Continental Montane and,m,gr gr 0-3my - - - 1
eastern Wash., Paleargid Subarctic Conif. Forest,
Cascades (Dsa) edge of sage
MAT 51°F brush scrub
MAP 9-12"

1 gr = granitic; a = andesitic; m = metamorphic (slate, schist); mv = metavolcanic; b = basalt; s-1, sedimentary, very stable mineralogy (chert,
qtz); s-2, sedimentary, fairly stable mineralogy (qtz,alkali feld, clays); s-3, sedimentary, relatively unstable mineralogy (feldspars, mafic
minerals; lithic fragments); s-4, sedimentary, unstable mineralogy (abundant mafics, calcic palgioclase, limestone).

2 si = silt, silty, sa = sand, sandy, gr = gravel, gravelly, co = cobble, cobbly, bo = boulders, bouldery (till, rock glacier deposits), ps =
poorly sorted. 2

3

area selection, 3 = site selection, 4 = sampling, description, 5 = conventional soil analysis, 6 = neutron activation, x-

1 = reconnaissance, 2 =
data interpretation, 8 = report writing, 9 = report published.

y
ray fluorescence, 7 =

SH
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Index of development based on field morphological properties (see
text) plotted against log10 time for the Merced River chronosequence,
northeastern San Joaquin Valley, California (sandy, granitic source).
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Figure 2. Percentage of sphene in the very fine sand fractions of Merced

River soils, expressed as percentage of heavy materials and plotted against

logyg time. a, b, and c refer to A, B, and C soil horizons. Numbers refer to
data points that fell on the same plotting position.
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Earthquake Intensity and Fault Creep
9940-02675

Robert Nason
Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, CA 94025
(415) 323-8111, x2760

Investigations

1. The modernization of the seismic intensity maps of the 1906 California
earthquake has continued with data compilations in Santa Clara, Santa
Cruz, Alameda and Contra Costa Counties, and in San Francisco.

2. Ground cracks were mapped at the May 1980 earthquake area at Mammoth

Lakes, California, and portable invar-rod creepmeters were designed and
installed at seven locations to measure post-earthquake movements.

Results

1. The distribution of 1906 earthquake damage in Santa Clara and Santa
Cruz Counties indicates seismic intensity MM VIII and MM IX at most
places within 25 km of the 1906 fault rupture.

2. The 1906 earthquake damage in Alameda and Contra Costa Counties
indicates MM VIII and MM IX in the western part of the counties, 25-40 km
from the 1906 fault rupture, and MM VII to MM VIII in the eastern part of
the counties, 45-70 km from the 1906 fault rupture. The earthquake
damage on sedimentary bedrock was similar to that on alluvium.

3. Significant ground failures, with deformed streetcar tracks and sunken
buildings, occurred at several locations in the waterfront areas of
Oakland and Alameda. Also, earthquake-caused fires occurred in Oakland,
Berkeley, and Martinez.

4. The post-earthquake creepmeters at Mammoth Lakes indicate that
additional movement of several centimeters occurred at a few sites.

5. Interviews at Mammoth Lakes indicate that the major earthquake damage
occurred in an aftershock 16 minutes after the first main earthquake,
rather than in the main earthquake itself. The aftershock was apparently
lTocated much closer to Mammoth Lakes. The seismic intensity of MM VII

correlates with a nearby strong-motion instrument indicating a peak
acceleration of more than 0.3g.
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Reports

Nason, Robert, 1980, Damage in Santa Clara and Santa Cruz Counties,

California caused by the earthquake of 18 April 1906: U.S. Geological
Survey, Open-file Report 80-1076, 66 p.

Nason, Robert, 1980, Possible low-velocity zone under California

suggested by 1906 earthquake intensity pattern: Earthquake Notes,
vol. 50, no. 4, p. 12-13.

Nason, Robert, 1980, Seismic intensity study of the October 1979 Imperial
Valley earthquakes: Earthquake Notes, vol. 50, no. 4, p. 38-39.

Burford, R.0., Nason, R.D., and Harsh, P.W., in press, Results of fault
creep studies in Central California: U.S. Geological Survey,
Earthquake Information Bulletin.

Nason, Robert, in press, Seismic intensity studies in the Imperial

Valley: in Rojahn, C., ed., The Imperial Valley earthquake of October
15, 1979, U.S. Geological Survey, Prof. Paper.
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Data Processing, Golden
9940-02088

R. B. Park
Branch of Ground Motion and Faulting
U. S. Geological Survey
Denver Federal Center, MS 978
Denver, CO 80225
(303) 234-5070

Investigations

1. The purpose of this project is to provide the day-to-day management,
systems maintenance and development for the Golden Data Processing Center.
The Center supports Golden based OES investigators with a variety of
computer services. The systems include a PDP 11/40, an EAI 680 Analog
Computer, Honeywell Level 6 RJE, a PDP 11/70, three PDP 11/03's, and

PDP 11/23. To be delivered is a VAX/780 (Nov. 1980) and a PDP 11/34

(Jan. 1981). Total memory will be 2.4 Mbytes and disk space will be
approximately 600 Mbytes. Peripherals will include three plotters, seven
mag-tape units, an analog tape unit, three line printers, 5 CRT terminals
with graphics and a Summagraphic digitizing table. Dial-up is available on
all the major systems and hard-wire lines are available for user terminals
on the upper floors of the building. Operating systems used are RSX11
(11/40 and 11/23), Unix (11/70 and 11/34), RT11 (11/03's) and VMS (VAX).

A security audit was performed by Dolph Cecula and stricter procedures for
operations of the center are being implemented.

The VAX system is to be shared by the Branch of Global Seismology and the
Branch of Earthquake Tectonics and Risk for NEIS and the Hazards Risk Map
Program.

Results

Wave form data was processed (from analog tape, digital cassette tape, and
real time phone input) from networks in South Carolina, Utah, Texas, Los
Angeles, Nevada, and various U.S. Net stations. The PDP 11/70 is being
used primarily for processing global net "day tapes" for ARPA and SEDAS
program development. Version 3.2 of RSX11 was brought upon the PDP 11/40.

The U.S. Net event detection system has been developed on a PDP 11/03-PDP
11/40 system and will transfer to the PDP 11/23 as soon as all the
peripherals arrive.

A Houston DP9 42" plotter and a Summagraphic 5 ft. digitizing table have

been installed and may be shared by any of the systems through the terminal
panel.

165



H5

A Plessey DD11/80 67 Mbyte disk is now installed on the PDP 11/40 allowing
three RKO5 disk units to be distributed among the microprocessors.

Reports

Rogers, A. M., Covington, P. A., Park, R. B., Borcherdt, R. D., and Perkins,
D. M., 1980, Nuclear event time histories and computed site transfer
functions for locations in the Los Angeles region: U. S. Geological
Survey Open-File Report (in press).
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Quaternary Dating and Neotectonics
9530-01559

K. L. Pierce
Branch of Central Environmental Geology
U.S. Geological Survey
Denver Federal Center, MS 913
Denver, CO 80225
(303) 234-2737

Investigations

1. Near Arco, Idaho, profiled scarps of differing orientation, but of the
same age (late Pleistocene), to determine effect of aspect on rate of fault-
scarp degradation (K. L. Pierce).

2. Collected obsidian samples from two faults exposed in a trench excavated
by Dave Nash across a fault scarp reactivated in the 1959 Hebgen Lake
earthquake. If pre-1959 movements broke any of the obsidian pebbles, then
such movements could be dated by obsidian-hydration methods (K. L. Pierce).

3. Completed compilation of Neogene and younger faults in Colorado. Field
checked faults suspected of Quaternary movement. Measured scarp profiles of
faults in the San Luis and upper Arkansas Valleys (S. M. Colman).

4. Completed manuscript on the clay mineralogy of weathering rinds and its
importance for rates and processes of soil development (S. M. Colman).

5. Completed and submitted for technical review a Professional Paper entitled
"Quaternary tectonic history of the La Jencia fault, central New Mexico" which
includes a detailed series of trench logs and a complete description of soil
stratigraphic units, scarp morphology, and paleoseismic interpretations

(M. N. Machette).

6. Collected scarp-profile data and studied field relationships of about 25
late Quaternary faults in New Mexico and western Texas (M. N. Machette).

7. Completed geologic mapping of late Cenozoic deposits in the Beaver basin,
central Utah (M. N. Machette).

8. Continued study of soil chronosequences and surface and buried soils at
key stratigraphic localities along the Wasatch Front, with emphasis on soils
formed in surficial deposits that are offset by range-front faults (R. R. Shroba).

Results
1. Stream undercut scarps that face north, south, east, and west have been
profiled. Although these data have not yet been analyzed, field examination

clearly shows that south-facing scarps are considerably more degraded than
north-facing ones of the same age (K. L. Pierce, investigation No. 1).

167



H5

2. For the first 20 thin sections of obsidian pebbles examined, only a

few surfaces have hydration rims thinner than those originating when the
obsidian-sand plain was constructed. More thin sections need to be examined
before any firm conclusions can be drawn regarding fault movements younger
than the 30,000-year-old obsidian-sand plain and older than the 1959 Hebgen
Lake earthquake (K. L. Pierce, investigation No. 2).

3. Fieldwork on Quaternary faults in Colorado revealed that faults with
clear displacements of Quaternary deposits are almost entirely confined

to the Rio Grande Rift zone of the San Luis and upper Arkansas Valleys.
Evidence for Quaternary movement on most other young faults is circumstantial
because of the absence of Quaternary deposits in critical locations.
Morphometric analysis of measured scarp profiles of faults in the San Luis
and upper Arkansas Valleys should yield additional information about the

age and history of their movement (S. M. Colman, investigation No. 3).

4. Although scarp-profile data have yet to be processed, field investigations
of fault scarps in New Mexico and western Texas reveal many examples of
long-term (middle and late Pleistocene) recurrent fault displacements with
composite scarps commonly ranging up to 30 m in height. Scarps of Holocene(?)
age are restricted primarily to short segments of longer faults or low,
isolated faults. The most recent activity seen on most of the faults cutting
surficial deposits within the rift is of late Pleistocene age (M. N. Machette,
investigation No. 6).

5. The Beaver basin, located along the Colorado Plateau-Basin and Range boundary
in central Utah, is a late Cenozoic structural depression. The exposed Miocene
through early Quaternary basin-fill deposits record a complex sedimentary
sequence which may be suitable host rocks for sedimentary uranium mineralization.
The presence of an axial north-trending horst and coincident antiform indicate

a history of uplift and subsequent tensional collapse within the basin. Faults
associated with these structures have been recurrently active through the late
Pleistocene. Along the eastern basin margin, normal faults associated with

the uplift of the Colorado Plateau record recurrent uplift through the end of
the Pleistocene. This basin contains exposures of some of the most structurally
deformed Quaternary sediments in the Basin and Range Province (M. N. Machette,
investigation No. 7).

6. Soil investigations on faulted fans and terraces that postdate the Provo
shoreline, along the Wasatch Front between Ogden and Springville, Utah,
indicate that soils on many of these landforms have weakly developed argillic B
(Bt) horizons that are similar to, or are slightly less well developed than,
those formed in Provo shoreline deposits. The Bt horizons of the soils on

the fans and terraces commonly have a few thin clay films and are 20-55 cm
thick. The soil data suggest that 1) much of the fan gravel and terrace
alluvium below the Provo shoreline were deposited within a few thousand years
of lake recession, and 2) most of these deposits are of latest Pleistocene or
early Holocene age, about 14 thousand to about 8 thousand years old. Younger
deposits, inferred to be of middle to late Holocene age, are much less extensive
and are limited primarily to flood plains, low terraces, small fans, and areas
immediately adjacent to drainageways on large fans. Soils formed in deposits
considered to be of mid-Holocene age have weakly developed cambic B horizons
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that lack clay films and are 15-35 cm thick. The widespread occurrence of
alluvial surfaces in the ten-thousand-year range provides useful datums for
determining the location and amount of offset on young faults along the
Wasatch Front.

Reports

Colman, S. M., 1980, CHEMANAL: A MULTICS Fortran program to calculate
chemical weathering data: U.S. Geological Survey Open-File
Report 80-844, 23 p.

Colman, S. M., and Pierce, K. L., 1980, Weathering rinds on andesitic
and basaltic stones as a Quaternary age indicator, western United
States: U.S. Geological Survey Professional Paper 1210 (in press).

Cunningham, C. G., Steven, T. A., Machette, M. N., Mitler, W. R.,
Campbell, D. L., and Izett, G. A., 1980, Recommended drilling in
the Beaver basin, west-central Utah: U.S. Geological Survey
Administrative Draft Report prepared for U.S. Department of
Energy, 17 p.

Scott, W. E., McCoy, W. D., Shroba, R. R., and Miller, R. D., 1980,
New interpretations of the late Quaternmary history of Lake
Bonneville, western United States: American Quaternary Association
Abstracts and program, sixth biennial meeting, Orono, Maine, p. 168-169.

Steven, T. A., Cunningham, C. G., and Machette, M. N., 1980, Integrated
uranium systems in the Marysvale Volcanic Field, west-central Utah:
U.S. Geological Survey Open-File Report 80-254, 39 p.

Steven, T. A., Cunningham, C. G., and Machette, M. N., 1981, Integrated
uranium systems in the Marysvale Volcanic Field, west-central Utah:
Symposium on uranium in volcanic and volcaniclastic rocks, American
Association of Petroleum Geologists, in press.
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Uranium Series Dating
9740-00378

J. N. Rosholt
Branch of Isotope Geology
U.S. Geological Survey
Denver Federal Center
Denver, CO. 80225
(303) 234-4201

Investigations

1. Uranium-trend dating has been used to estimate the time of deposition of
alluvium and eolian deposits over the time range of 3,000 years to about
800,000 years ago. The dating technique consists of determining an isochron
from analyses of several samples covering the various soil horizons in a given.
alluvium unit; approximately 4 to 9 samples of each alluvium unit are analyzed.
The results of these analyses are plotted where (238U-230Th)/238y ys. (23%U-
238Y)) /238y ideally yield a linear relationship where the measured slope
changes in a predictable way with increasing age of alluvium for a given half
period of the flux controlling the migration of uranium in the alluvium
environment. An empirical model compensates for different climatic and
enrivonmental regimes and the model has primary time calibrations at 11,000
years, 140,000 years (Bull Lake), 600,000 years (Pearlette Ash) and 720,000
years (Bishop Tuff). Calibrations have been made based on correlations with
similar material that has been dated by radiocarbon and K-Ar.

2. Uranium-trend dating of marine terraces is being tested on sites collected
in cooperation with Ken Lajoie (USGS) and Philip Kern (San Diego State U.).
Three marine terraces were sampled in the San Diego, California, area in
November 1979; previously four other marine terraces had been sampled in the
Palos Verdes, California area. It appears that separate calibration points,
provided by marine deposits of know age, will be required before final U-
trend ages can be calculated from analyses of the 238y-23%y-230Th system in
these type deposits.

Results

1. Horst Sterr, Institute of Arctic and Alpine Research, Univ. of Colo.,
working with Ernest Anderson, Earthquake and Tectonics and Risk Branch,
collected and helped analyze four alluvium terraces in the Beaver Basin of
southwest Utah for uranium trend dating. Soils are developed on the four
different alluvial deposits, each distinct in age and stratigraphic position
in the vicinity of Beaver, Utah (sec. 5 and 6, R.8W., T29S., Richfield , UT
1°x2° map). The purpose of this investigation is to determine age estimates
for the faulted deposits from which seismotectonic trends may be established
for the Beaver Basin since mid-Pleistocene time.

Profile LCB is from a prominent and widespread old erosion surface of mid-
Pleistocene age named Last Chance Bench; surface was stabilized at about 30-
40 meters above present streams between the major drainages of North Creek and
Indian Creek. Profile HNCT was taken from a high-lying terrace remnant above
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North Creek at a position 8-15 meters above stream level. Profile MT is
developed on a middle terrace remnant in the South Creek drainage which Ties
5-8 meters above stream level. Profile LNCT was collected from a natural
stream bank exposure of North Creek, from the lowest and youngest pre-Holocene
terrace in the basin which lies 2-5 meters above modern stream channels.
Additional samples from the MT profile are required for collection and analyses
to reduce the uncertainty in the age of this terrace. The results on the

four terraces are listed in the following table.

U-trend X-intercept Half period of F(o) Age

Terrace slope 232Th Index KA KA
LCB(Qoesy ) -35.7 + 0.126 530 370+60
HNCT(Qht) + 1.01 - .194 350 240+50
MT(Qit) + .599 - .354 190 135495
LNCT(Q1t) + .259 - 5.2 10 k3

2. Analyses have been completed on six marine terrace deposits from
California. Only one of these depos1ts has a known age (Nestor Terrace,
120,000 + 10,000 years), and it is used for a preliminary calibration point
for U-trend dat1ng of marine deposits. Additional deposits of known age
are required for calibration points before a real evaluation of the
reliability of U-trend dating can be made for marine terraces. Descriptions,
locations, and preliminary estimates for U-trend ages of six marine terrace
deposits are shown in the following table.

Age Estimate

Description and Location (KA)
Bay Point Terrace, San Diego, CA 30
Nestor Terrace, San Diego, CA (calibration point) 120
Linda Vista Terrace, San Diego, CA 290
Cabrillo Beach Terrace, San Pedro, CA 30
Woodring's 2nd marine terrace, Palos Verdes Hills, CA 100
Woodring's 12th marine terrace, Palos Verdes Hills, CA 540‘

Reports

Rosholt, J. N., 1980, Uranium-trend dating of Quaternary sediments: U.S.
Geol. Survey Open-File Report 80-1087, 65 p.

Rosholt, J. N., Uranium and thorium disequilibrium in zeolitically altered
rock: Nuclear Tech. (in press).
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Teprochronology of the Western Region
9540-01947

Andrei M. Sarna-Wojcicki
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111 ext. 2745

Summary

Continued sampling, chemical and petrographic analysis, and fission-track age
dating of tephra (ashes and tuffs) of young geological age in order to provide
age control for studies of recent tectonism in California, Nevada, Oregon, and
Washington. Neutron activation, X-ray fluorescence and electron microprobe
analyses of separated volcanic glass and crystals are used to identify wide-
spread tephra units of known radiometric age. New tephra units identified by
chemical and petrographic analysis are dated by appropriate radiometric age
dating methods.

Investigations

Continued specific regional and topical tephrachronologic studies reported in
Summaries of Technical Reports, Volume IX, December, 1979 (p. 117) and Volume
X, June 1980 (p. 211). Additional studies include:

1. Expanded study of ash and other volcanic ejecta erupted from Mount St.
Helens after eruption of May 18, 1980. Studies include wind dispersal pat-
terns, areal distribution, thickness, volume, grain size, texture, petro-
graphy, and chemistry of the ash. Studies are in cooperation with scientists
from the U.S. Geological Survey, U.S. Forest Service, and a number of indi-
viduals from other governmental, research, and educational institutions.

2. Continued to completion report on areal distribution, thickness, and
volume of downwind ash from the May 18, 1980 eruption of Mount St. Helens.

3. Continued to completion report on zircon fission-track age of ash in type
Merced Formation, west-central California.

4, Sampled stratigraphic section in axial region of Ventura Avenue anticline,
western Transverse Ranges, for paleomagnetic stratigraphy (with Jack
Hillhouse, BP & RS, Menlo Park) to develop better age control in the lower
Pleistocene section below the 1.2 m.y. Bailey ash. We are specifically
interested in identifying the Gilsa and Oldervai events and in defining the
Plio-Pleistocene boundary in this section of rhythmic, deep-water turbidite
sequences.

5. Sampled stratigraphic section west of South Mountain, western Transverse

Ranges, to determine magnetic polarity and possible magnetic transition as-
sociated with putative Pearlette type B ash, dated elsewhere at 1.8 -1.9 m.y.
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Results

1. Areal distribution, thickness, and mass of airborne ash from the eruptions
of Mount St. Helens were documented by means of isopach (thickness) and iso-
mass (mass per unit area) maps for the early, non-magnetic eruptions, the
massive eruption of May 18, and the three subsequent major eruptions of May
25, June 12, and July 22. An isochron map was compiled for the May 18 erup-
tion from NOAA satellite photos which shows the progress of the downwind
tephra plume as a function of time. A travel-time curve along the maximum
velocity trajectory and a velocity vs. distance map have been derived from the
isochron map. Average velocities of the ash plume front thirteen minutes
after start of eruption were greater than 180-200 km/hr. Comparison of the
isochron and isopach maps indicates that lower-level shear winds displaced the
ash northward relative to the position of the airborne plume. The grounded
ash plume, in addition to being displaced northward relative to the axis of
the airborne plume, also shows a transverse asymmetry in grain size and
composition, a result of northward winnowing of fines, towards the axis of the
grunded ash plume. Volumetric calculations derived from the isopach and iso-
mass data for the May 18 eruption ind%cate that total downwind mass was 4.88 x
101 g, average bulk dens%ty 0.45 g/cm’, and uncompacted bulk volume of on-the-
ground ash, about 1.1 km”. This translates to a small in situ volumg of 0.19
km” prior to eruption, assuming an initial density of about 236 g/cm® for the
in-place rock. This volume is a small fraction of the 2.7 km” volume esti-
mated to be missing from the summit of the volcano, and suggests that most of
this volume is represented by the debris avalanche, the blast deposit, mud-
flows, pumice-ash flows, and melted ice. Volumes of airborne ash from sub-
sequent eruptions, as well as from the early non-magnetic eruptions, were
small compared to that of May 18 (table). Volume of the May 18 eruption, how-
ever, is small compared to volumes of many prehistoric eruptions from Mount
St. Helens.

2. Found and identified Pearlette type O ash, dated elsewhere at 0.6 m.y., in
deformed marine strata of the San Pedro Formation, Ventura area, southern
California. See report under R. F. Yerkes, 9540-01615, this volume.

Reports

Meyer, C. E., Woodward, M. J., Sarna-Wojcicki, A. M., and Naeser, C. W.,
1980, Zircon fission-track age of 0.45 million years on ash in the type
section of the Merced Formaction, west-central California: U.S.
Geological Survey Open File Report No. 80-1071, 9 p.

Sarna-Wojcicki, A. M., Shipley, Susan, Waitt, R. B., Dzurisin, Daniel, Hays,
W. H., Davis, J. 0., Wood, S. H., and Bateridge, Thomas, 1980, Areal
distribution, thickness, and volume of downwind ash from the May 18, 1980
eruption of Mount St. Helens: U.S. Geological Survey Open File Report
No. 80-1078, 14 p.

Sarna-Wojcicki, A. M., and Waitt, R. B., 1980, Areal distribution, thickness,
and composition of volcanic ash erupted from Mount St. Helens on May 18,
1980: Abstract in Geological Society of America Annual Meeting, Atlanta,
Georgia, Abstracts with Program.
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Mass, volume, and calculated bulk density for downwind ash

erupted from Mount St. Helens, March 27 through July 22, 1980.

Early May May June July TOTAL
phase 18 25 12 22
Total mass, x 10'%g 0.008 4.88  0.42  0.45  0.04  5.80
Volume, rock, in km3 0.0003 0.19 0.016 0.017 0.001 .22
using density = 2.6 g/cc
Volume, bulk, in km3 0.0006% 1.10 0.031 0.027 0.0043 1.16
using calculated bulk
density (below)
Calculated uncompacted 1.252 0.45 1.03 .25 0.503 -

bulk density

1. Early non-magmatic eruptions, Mar. 27-Apr. 17, 1980

2. Thickness measurements were not reliable or ash-layers were too thin.
Uncompacted density of 1.25 g/cc was used, comparable to wet ash values of

June 12 eruption.

3. Ash too thin to measure at most sites.
was used, comparable to dry ash values of May 18 eruption.
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Paleoseismic Indicators in Sediments
9950-01294

John D. Sims
U.S. Geological Survey
Branch of Earthquake Tectonics and Risk
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2252 or 2159

Investigations

1. Detailed geologic mapping of an approximately 2-km-wide strip enclosing
the San Andreas fault zone from San Juan Bautista to Cholame (scale
1:12,000). Actively mapping currently in Monarch Peak, Hepsadam Peak, and
Bickmore Canyon 7-1/2 minute quadrangles.

Results

1. Detailed geologic of the San Andreas Fault zone to determine the geometry
and history of movements within the zone is proceeding in three areas.

Mapping of the fault zone in Monarch Peak 7-1/2 minute quad by M. J. Rymer is
complete and the data being transferred to a reproducible base for
publication. Rymer is currently doing field work in Hepsadam Peak 7-1/2
minute quad and had completed preliminary photo reconnaisance of Priest Valley
7/1/2 minute quad. Field mapping in Bickmore Canyon 7/1/2 minute quadrangle
is being transferred to scale-stable base.

2. Mapping of the fault zone along Mustang Ridge in Monarch Peak and Hepsadam
Peak quadrangles shows that the fault is Tocated in Franciscan assemblage
melange and serpentinite squeezed up along the fault zone Quaternary (?)

time. The melange material is bounded by steeply dipping reverse faults
(about 800) that are the lateral extent of the fault zone. In the south

half of the area mapped the fault zone is characterized by a main trace and 17
subsidiary faults located only on the NE side of the main trace, and trend
approximately N-S. However, in the north half of the area mapped the fault
zone consists of at least two main traces and parallel to subparallel
subsidiary faults. Along the southwest side of the fault zone is a Pliocene
and/or Plesitocene sand and gravel unit that dips toward the fault zone. This
unit, referred to as either the Paso Robles Formation or San Benito gravels,
is composed of clasts from rocks of the Gabilan Range to the northwest. In
the mapped area no clasts are observed in this unit that are derived from
serpentinite or rocks of the Franciscan assemblage, in spite of the
elevational difference between the unit and the melange (fault zone). This
suggests that the presence of the fault zone along Mustang Ridge is a new
development and that melange material and serpentinite have been squeezed up
along the fault zone to their present elevation since deposition of the
gravels to the southwest.

Reports

None.
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Quaternary Reference Core, Clear Lake, California
9940-02394

John D. Sims
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road., M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2252 or 2159

Investigations

1. Core drilling (14 June to 5 September) in Clear Lake, Lake County,
Ca}ifornia; two continuous wireline cores taken and geophysical logging of one
hole.

2. Paleomagnetic investigations on one core (CL-80-1) from Clear Lake taken
in July and August 1980.

3. Preliminary palynological investigations on one core (CL-80-1) from Clear
Lake taken in July and August.

Results

1. Two cores 177- and 168-m long, designated CL-80-1 and CL-80-2, from the
west basin of Clear Lake, Lake County, Calif. were taken during July and
August 1980 for multidisplinary study of the stratigraphy, paleoclimate, and
chronology of the sediments, and to produce a Quaternary reference section for
at least northern California. Clear Lake is a large, intermontane, freshwater
lake in the California Coast ranges adjacent to the Pleistocene Clear Lake
volcanic field and north of the Geysers geothermal area. Adjacent to the lake
north, east, and west are rocks of the Franciscan assemblage. The lake
cons1sts of three fault bounded basins with major faults parallel and
subparallel to the Coast Range structure.

Core CL-80-1 was continuously cored in 7.5 m of water with 66.5 percent
recovery. The sediments are composed of clay and silt similar to that
deposited in the lake today, interbedded with coarse sand and volcanic ash
beds. The core ended in coarse, rounded, gravel and cobbles of Franciscan
lithology. Core CL-80-2, taken in 9.1 m of water, is between two earlier core
localities; one of which is 115 m Tong (CL-73-4) and has a well defined,
uninterrupted pollen and physical stratigraphic record from present to about
130,000 years ago. Intervals between 53 and 77 m, and 99 and 168 m were cored
at site CL-80-2 with 80 percent recovery. Sediments in this core are composed
of clay similar to core CL-73-4. Sampling of core CL-80-1 is complete with
sample sets suitable for 18 separate investigations ready for distribution.
Distribution of sample sets begins in Lake October to researchers that have
already committed themselves to the different analyses.

2. Liddicoat, Sims and Bridge analyzed 515 paleomagnetic samples from core
CL-80-1 from Clear Lake, Lake County, Calif. Samples for paleomagnetic
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analysis were for every 25 cm or less of depth where there was core recovery
and no distortion of the sediment. Only normal paleomagnetic polarity was
recorded after alternating-field demagnetization and measurement in a
cryogenic magnetometer. The remanence in the upper 50 m is weak (~1 x 10-6
emu/cm3 or less) but increases at least tenfold in the remainder of the
core. A shelf test of back-to-back samples was used to determine magnetic
stability, and those passing had a median destructive field of about 300
oersteds.

Relative declination within and between each 3-m-long core segment is of
no value because the core spun in response to rotation of the bit and core
barrel. Thus, we made no attempt to interpret secular variation of the
paleomagnetic field using this core. The paleomagnetic polarity determined
from inclination is reliable, however, and, when interpreted in light of the
130,000-year record from a previous Clear Lake long core, indicates that
deposits no older than mid-Brunhes (~2 00,000 yr B.P.) were penetrated.

3. Pollen data from core CL-80-1 (168 samples 300 pollen grains/sample)
reflect changes in the vegetation and climate of the northern Coast Range of
California throughout the time in which the 177 meters of sediment in the core
were deposited. Comparison of the fossil pollen record with modern pollen
data from 150 surface samples taken from north coastal California indicates an
oscillation between pollen assemblages characteristic of oak woodland and
pollen assemblages characteristic of conifer forest formations. An oak pollen
assemblage similar to that found in the upper 13 m of core CL-80-1 occurs
between 126-128 m depth in the core. This lower interval preceded by an
interval in which Quercus pollen is almost entirely absent, much like the
interval at the end of the last glaciation in which the pollen assemblage is
dominated by conifer pollen that includes Pinus, Picea, Abies, Pseudotsuga,
Tsuga heterophylla, T. mertensiana, and members of the Taxodiaceae and
Cupressaceae.

Reports

Sims, J. D., and Rymer, M. J., in press, Deep coring of Quaternary sediment in
Clear Lake, California: Geological Society of America Abstracts with
Programs, v. 13, p.

Heuser, L. E., and Sims, J. D., in press, Palynology of core CL-80-1, Clear
Lake, California: Geological Society of America Abstracts with Program,
v. 13, ps

Liddicoat, J. C., Sims, J. D., and Bridge, W. D., in press, Paleomagnetism of a
177-m-Tong core from Clear Lake, California; Geological Society of America
Abstracts with program, v. 13, p.

Blunt, D. J., Kvenvolden, K. A., and Sims, J. D., in press, Amino acid dating
of sediments from Clear Lake, California: Geology, v. s P
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Tectonic Analysis of Active Faults
9900-01270

Robert E. Wallace
Office of Earthquake Studies
U.S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, California 94025
(415) 323-8111, ext. 2751

Investigations

1. Analysis of fault scarp data in northcentral Nevada and overview analysis
of paleoseismicity and tectonics of Basin and Range province.

2. Compilation of recurrence-interval and slip rate from recent investiga-
tions of faults in western United States.

Results

Studies of 1large displacements and related earthquakes on faults -
paleoseismology - show that average recurrence intervals for most active
faults in the western United States are generally longer than 1,000 years; for
many, the average recurrence is greater than 10,000 years. Only on the San
Andreas fault and its major branches are average recurrence intervals as short
as 10-200 years.

As shown in figure 1, recurrence intervals generally increase away from
the San Andreas fault system, that is, away from the continental margin.
Major fault activity in late Quaternary time is almost absent in the central
Basin and Range province.

If the displacements on the faults are interpreted as related to inter-
plate motion between the North American and Pacific plates, the San Andreas
fault system is accommodating most, perhaps two-thirds, of the motion, and
other faults, distributed across at least 5° of 1longitude, accommodate the
remainder in decreasing amounts away from the plate margin. The Wasatch fault
zone is an exception and represents a perturbation in the general eastward
decrease in rates of recurrence.

Reports

Wallace, R. E., 1980, Discussion -- Nomograms for estimating components of
fault displacement from measured height of fault scarp: Bulletin
of the Association of Engineering Geologist, v. XVII, no. 1, p.
39-45,
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R. E., 1980, Degradation of the Hebgen Lake Fault scarps of 195C:
Geology, v. 8, no. 5, p. 225-229.

R. E., and Teng, Ta-liang, 198C, Prediction of the Sungpang-Pingwu
Earthquakes, August 1966: Bulletin of the Seismological Society
of America, v. 70, no. 4, p. 1199-1223.

R. E., (as member of Delegation: Jennings, Paul C., ed.,), 1980,
Earthquake engineering and hazards reduction in China: CSCPRC
Report no. 8, National Academy of Science, Washington, D. C.

R. E., Active faults, paleoseismology and earthquake hazards in the

western United States: in Proceedings Volume, Fourth Ewing
Symposium, Earthquake Prediction (in press).
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Instrument Development and Geotechnical Studies
9940-02089

R. E. Warrick
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2757

Investigations

1. The development of techniques for the improvement of field data
acquisition specifically in the application of triggered digital recording
systems to aftershock studies.

2. Methods for improving the generation, recording and interpretation of
shear waves for deep downhole surveys.

Results

1. The deployment of the triggered digital recording systems to study the
"aftershocks" of the Mammoth Lake earthquake sequence of May-June 1980
added to our experience and assisted in the formulation of a draft
earthquake response plan. The draft plan was circulated to personnel
likely to be involved in the program of recording "aftershocks" to solicit
their opinions toward improving the "plan".

Our experience with the triggered recording systems has detected some
instrumentation problems which have been corrected. The manufacturer was
urged to complete the design of a programmable timing system. The
prototype was evaluated by Gene Sembera and suggestions for improvement
were relayed to the manufacturer. The programmed timing option will allow
the use of the recorders in refraction experiments where the high seismic
noise level would cause tape to run out before the desired signal could be
recorded. Additionally the recorders may be programmed to cause all
recorders to start operation in the triggered mode at a preset time.

A master clock was constructed for our use by R. McClearn. This will
allow closer control of the recorder clocks when good radio time signals
are unobtainable.

2. The experience in logging the deep borehole near Gilroy encouraged us

to try to improve the sensor and cable handling techniques. Toward that
end a winch suited to the multiple cable is under construction.
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Subsurface Geology of Potentially Active Faults in the Coastal
Region between Goleta and Ventura, California

14-08-0001-17730

Robert S. Yeats, Principal Investigator
Patrick A. Jackson
Daniel Olson

Department of Geology, Oregon State University

Corvallis, OR 97331
(503) 754-2484

Investigations

1. Completed the surface geologic map of the onshore and offshore
Carpinteria basin for submission as an open-file report.

2. Continued construction of subsurface cross-sections in the Carpin-
teria basin and preparation of structure contour maps of the top Vaqueros,
the base Pleistocene (Santa Barbara-Casitas), and the Rincon Creek, Carpin-
teria, and main and north branches of the Red Mountain fault from Rincon
Point westward.

3. Continued field work and data collection in the Santa Barbara and
Goleta basins.

Results

Northeast of Punta Gorda, the Red Mountain fault consists of three
branches, all of which appear to cut the 45 ka terrace (Punta Gorda terrace
of Lajoie and others, 1979). Two of these branches extend offshore beyond
Rincon Point. At Rincon Point, the north branch questionably brings Sisquoc
(earliest Pliocene) into contact with Repetto (early Pliocene), and the more
southerly branch, called here the main branch, brings Repetto in contact
with Pico (late Pliocene). Farther west, the main branch is traced offshore
an additional 10.5 km to an area south of Montecito where dart-sample control
and seismic control are not sufficient to map the fault. The fault brings
strongly uplifted Miocene strata of the Summerland Offshore anticline and oil
field into contact with the Pico Formation on the south. Stratigraphic separa-
tion on this fault decreases westward, and the fault steepens in dip westward
also. Another branch of the Red Mountain fault mapped by Hoyt (1976) im-
mediately north of the Rincon-Dos Cuadras anticline is not confirmed by our
data.

The Pleistocene Carpinteria basin consists of alluvial fan deposits of
the Casitas Formation grading southward and downward to shallow marine Santa
Barbara Formation; the sequence is wedge-shaped, thickening southward. The
Pleistocene sequence rests with angular unconformity on strata as old as
Oligocene Sespe Formation; the Pico and Repetto are absent and were probably
never deposited there. Most of the homoclinal south dip of the south flank
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of the Santa Ynes Range was acquired prior to the deposition of the Santa
Barbara and Casitas. The sequence is cut off abruptly by a series of south-
dipping reverse faults including the Rincon Creek (the largest and most im-
portant), Carpinteria, Holloway, and Shepard Mesa faults. These faults formed
after Santa Barbara and Casitas deposition. The Rincon Creek fault forms

a north-facing scarp on the sea floor and on the raised terrace east of the
town of Carpinteria; the Holloway and Shepard Mesa faults also have topographic
expression. The Rincon Creek fault cuts the Vaqueros Formation in the Summer-
land Offshore o0il field.

The Javon Canyon fault of Sarna-Wojcicki and others (1979) is traced
offshore for at least 3 km; middle Pico on the south is faulted against upper
Pico on the north.
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Subsurface Geology of the San Gabriel, Holser, and Simi-Santa Rosa
Faults, Transverse Ranges, California

14-08-0001-19138
Robert S. Yeats, Principal Investigator
Leonard T. Stitt
David Hanson
Department of Geology, Oregon State University

Corvallis, OR 97331
(503) 754-2484

Investigations

1. Completed surface geologic map of Castaic region of the San Gabriel
fault for submission as an open-file report.

2. Constructed cross-sections through the Saugus oil field area of the
San Gabriel fault between the completed study areas of Castaic and Newhall.

3. Continued construction of cross-sections of the Simi fault in Simi
Valley and a surface geologic map of the eastern half of the Simi fault from
Tierra Rejada east across the Simi Valley to the Simi Hills.

Results

1. The complex fold and fault structures of the Castaic area of the
San Gabriel fault (SGF) can be divided into three stages, only the youngest
of which should be considered as active and potentially hazardous. Stage I
structures (Figure 1) are of late Oligocene-early Miocene(?) age and pre-date
the Mint Canyon and Modelo Formations. These include most of the ENE-trending
structures involving the Vazquez north of the Soledad basin, and also the Canton
fault of Crowell (1954). The Canton fault, possibly an ancestral SGF, juxta-
poses Palomas gneiss on the east against Whitaker granodiorite on the west;
a possible equivalent of the Palomas gneiss west of the fault is exposed in
the Alamo Mountain area northwest of the Castaic area. Although Crowell (1954)
suggested that the Canton fault cuts the lower part of the Modelo Formation,
the upper Modelo overlies the fault trace unconformably.

Stage II structures (Figure 2) post—-date most of the right-lateral dis-
placement on the SGF. The Pliocene Pico Formation wedges out northeastward,
and the 700-foot Pico isopach shows only about 6350 feet (1935 m) displacement
on the SGF; 6200 feet (1890 m) is the right-lateral horizontal component
(Figure 3). 1If 0.5 km right slip occurred on the SGF after deposition of the
Plio-Pleistocene Saugus Formation, as suggested by Weber (1979), about 1.4 km
right slip occurred prior to deposition of the Saugus. The Ridge Basin Syncline
(RBS of Figure 2) and related structures described by Crowell, including the
Violin Breccia, pre-date Saugus deposition.
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Stage III structures (Figure 4) post-date the Saugus and should be con-
sidered as possibly active. These include the SGF itself, which offsets
Quaternary alluvium and landslide material (Weber, 1979), several folds in
the Saugus, and theoHasley reverse fault (gF of Figure 4). The Hasley fault
dips south about 55  at the surface and 70 at depth; it may be analogous to
the larger Holser fault south of the area.

2. The Simi fault is mapped from Oxnard Plain east across the Simi
Valley. The fault has reverse separation with the south side down. A zone of
faults extends from the Simi Valley east into the Simi Hills where it bends
east-southeast into the Northridge Hills fault, which also has reverse separation
with the south side down. It was earlier suggested that the Simi and the
Northridge Hills faults were part of a single, continuous zone of faulting
because both these faults display topography suggesting late Quaternary move-
ment. However, east of the Simi Valley, in a zone at least 5 km long, the
fault has the north side down, and there is no geomorphic evidence suggesting
late Quaternary movement. Possibly this segment of the fault is related to'
the Frew and Brugher faults to the northeast. Both these faults have the north
side down; both cut the Pliocene Pico Formation, and both are overlain un-
conformably by the Saugus. If this interpretation is correct, the late
Quaternary Simi fault terminates in the hills northeast of the Simi Valley, and
the Simi and Northridge Hills fault do not connect at the surface.

Reports

Stitt, L. T., 1980, Geology of the Ventura and Soledad basins in the
vicinity of Castaic, Los Angeles County, California: Corvallis,
Oregon State University MS thesis and semi-annual technical report
to U. S. Geological Survey, 124 p., 11 fig., 24 plates.
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Formation (700 foot isopach). One vector assumes no post-Saugus strike-slip. The other vector assumes 0.5 Km
(1650 feet) of post-Saugus strike-slip as suggested by Weber (1979).
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Physical Constraints on Source of Ground Motion
9940-01915

D. J. Andrews
Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111, ext. 2752

Investigations

1. Dynamic stochastic fault modeling.
2. Strong motion record processing.
3. San Onofre site review.

Results

1. The major portion of a paper on dynamic random fault motion was
completed this summer. The basic assumption is that, due to random
geometric irregularities of the fault surface at all length scales, the
slip velocity function in an earthquake has random fluctuations with no
characteristic length or time scale. Its high-frequency spectrum is a power
law. The spectral exponents of slip velocity and of shear traction are the
same in time, but are different in space, due to quasistatic stress
concentrations. The high-frequency spectral exponent of ground motion is
the same in the far field and on the fault surface itself.

2. MWork is continuing on revision of the strong motion data analysis
system.

3. Joe Andrews attended another meeting with the Nuclear Regulatory

Commission and consultants for Southern California Edison on the seismic
safety of San Onofre Nuclear Generating Station Units 2 and 3.
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3-D Near-field Modeling and Strong Motion
Predictions in a Layered Medium

9940-02674

Ralph J. Archuleta
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2062

Investigations

1. Analysis of the near-source accelerograms from the October 15, 1979,
Imperial Valley, California, earthquake is continuing.

2. Examinations of the earthquake source mechanism is based on a forward
solution using numerical methods to generate synthetic seismograms and on
the formal inverse problem of interpreting the data.

3. Collecting, archiving and analyzing aftershocks from the May 26, 1980,
Mammoth Lakes, California, earthquake sequence has neared completion.

Results

1. Using a velocity profile of the Imperial Valley based on the USGS
refraction data of Mooney, Fuis, Healy, ..., we infer that the observed,
large vertical phases can result from caustics formed by the large gradient
in the P-wave structure in the upper 5 km. P-waves that reflect from the
free surface have a turning point in the upper 5 km. Consequently, the
resulting triplication in the travel time curve implies Targe amplitudes
over a limited distance range.

2. In collaboration with Dr. Steve Hartzell of California Institute of
Technology we examined how the fault's finiteness can affect near-source
records. Spatially-varying slip, spatially-varying radiation coefficients
and the rupture velocity strongly influence the azimuthal amplitudes and
waveforms af near-source recordings. Looking at the deHoop-Knopoff
representation theorem as a Tinear relationship between the observed data
and slip on a fault, it is possible, in theory, to use the well-developed
inverse theory formalism to deduce important parameters regarding the
earthquake mechanism.

3. Over 1500 aftershocks of the 1980 Mammoth Lakes earthquake sequence
were recorded on 3-component, digital seismometers and accelerometers.
These events included 202 with local magnitude 3.0 < M| < 3.9; 22 with
4.0 < M_ < 4.9; 3 with 5.0 <M_ < 5.1 and one M_ = 6.3. One hundred
fifty events were recorded on 3 or more stations and subsequently located.
Epicentral locations show no well defined trend. A composite fault plane
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solution of the best recorded events indicate either left-lateral strike-
slip on a steeply dipping plane striking N.10°E. or right-lateral on the
conjugate plane. Open-file reports detailing the data and the preliminary

analysis are almost complete.

Reports

Spudich, P., 1980, The deHoop-Knopoff representation theorem as a linear
inverse problem: Geophysical Research Letters, v. 7, p. 717-720.
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National Strong Motion Data Center
9940-02085

Lawrence M. Baker
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2982

Investigations

The National Strong Motion Data Center provides investigators with a
convenient, state-of-the-art tool for studies of earthquake sources, wave
propagation, ground response, and strong motion. Projects hosted include
field investigations of major earthquakes, routine processing for permanent
installations, and studies of synthetic earthquakes. Incoming field data
is transferred to on-1line disk storage from several digital playback units
(through parallel and serial interfaces), from in-house digitizers (through
cards or IBM-compatible floppy disks), and from outside sources (on 9-track
magnetic tape). Using familiar, industry standard Fortran techniques, real
and synthetic data are analyzed, printed on terminals and line-printers, or
displayed on Tektronix graphics terminals and Versatec or CalComp plotters.

Results

The National Strong Motion Data Center consists of a Digital Equipment
Corp. PDP-11/70 minicomputer and associated peripherals running under the
vendor supplied real-time operating system, RSX-11M. Center personnel are
responsible for the maintenance of the system and preparation of applica-
tions software for the processing of strong motion records.

1. Hardware: Eight more terminal lines were added, allowing the
connection of three additional terminals to the system. The Center is now
able to support up to eleven simultaneous users: two at graphics
terminals, six at editing terminals, one at the system console, and two on
dial-up lines. An additional graphics terminal and two editing terminals
are planned for expansion in FY81.

The additional terminal lines and the use of Fortran IV-Plus Virtual arrays
required the addition of 128K words of core memory, bringing the system
total to 256K words (approximately 192K words available for user programs).

A second RMO3 disk drive (67M bytes) was added (with a dual port capability
for possible simultaneous connection to another machine at a later date).
This increased the permanent on-line storage from 67M bytes to 134M bytes.
In addition, an order was placed for two CDC 9766 disks and controller
(256M bytes each) to replace the aging RP0O4 disk drive and its set of
mountable earthquake data packs.
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2. Application Software: The following programs were either developed or
modified to run on the PDP-11/70:

MULLER -- A flat- or spherical-earth travel-time calculation.

RAYAMP -- An extension of RAYTRC to include ray-theory amplitudes.

BUBA  -- Generates complete far-field P-, SV-, and surface-wave
seismograms for explosive or double-couple sources at an
arbitrary depth in a layered half-space.

TRACES -- Automated plotting of multiple DR100 files.

MOMENT -- Computes estimates of moments, source radius, and stress drop.

ASEMB -- PDP-8 cross assemblier for GEOS field recorder.

SIM8 -- PDP-8 simulator for GEOS field recorder.

CRAMIT -- RS-232 down-Tline program loader for GEOS field recorder.

EPROM -- RS-232 EPROM burner for GEOS field recorder.

Fast, Fortran-callable disk I/0 routines were developed for use with the
evolving data-base files.

A preliminary version of the new plotting library and post-processor was
released.

3. System Software: The following commands were written:

STTY -- Set/show multiple terminal characteristics.
PFX -- Parity fixer to make a memory region with parity errors
unusable.

The following system modifications were made:

DEVices command -- Display the names of publicly mounted volumes to all
users.

Terminal driver -- Discard all unsolicited input if a slaved line has no
task attached to it (required for the on-line CalComp plotter):
properly deallocate the special terminator tables used in the GEOS
support programs.

System status display (RMDEMO) -- Correctly display tasks in and out of
memory, and system UP time.

K-series support routines -- Allow the DR11K sampling program to stop
the digital input sweep without requiring another interrupt.
Command interpreter -- Command 1ine passing in the RUN command; passing

of syntactially incorrect MCR commands to the catchall task
(...CA.); suppression of the default system prompt (">") when
...CA. exits.

Several new software components were added to the Center, including the

OMSI Pascal compiler (V1.2), and a keypad editor for VT100 and VT52-style
terminals (KED and K52).

Support for the standard Fortran compiler was terminated since the latest
version of the Fortran IV-Plus compiler now contains all its features.
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The RSX-11M-PLUS operating system and DECnet V3 were ordered and
preparations made for their installation (Versatec and terminal driver
modifications, elimination of separate XL: serial line driver, condition-
alization of privileged code, inclusion of the console driver CO:,
modifications to new versions of system commands).

4, Data: A suite of accelerograms and seismograms were obtained for over
1500 events following two M_ ~ 6 events at Mammoth Lakes, California on
May 25, 1980. Twelve digital event triggered recorders were deployed for
about one month and produced recordings of 22 events with 4 < M_ < 4.9

and 3 events with M_ > 5.0.

Precise source parameters are being calculated for about 14 of the largest
aftershocks of the Oroville, California earthquake (August 1, 1975). These
parameters include stress drop, source radius, energy, and inhomogeneity.
Similar work continues for the Imperial Valley earthquake of October 15,
1979 (Mg = 6.8).

5. Miscellaneous: Special reports were prepared at the request of the
President's Science Advisor for evaluation of disaster preparedness
planning.

Reports

None

195



H6

EARTHQUAKE HAZARD EVALUATION
OF THE GREATER HELENA AREA, MONTANA

Contract No. 14-08-0001-19135

Edward C. Bingler
Montana Bureau of Mines and Geology
Montana College of Mineral Science and Technology
Butte, Montana 59701
(406) 496-4181

INVESTIGATIONS

Detailed mapping of Tertiary and Quaternary deposits at a scale of
1:12,000 within the seismically active Helena Valley, site of the state
capitol, is intended to provide: 1) a modern data base for identifying and
locating all active or potentially active faults and to evaluate their
potential for generating damaging earthquakes; 2) knowledge of the distri-
bution and properties of foundation materials where strong ground motion.
may create a substantial hazard from liquefaction or rapid loss in strength;
and 3) a delineation of areas of potential slope instability in the event
of a strong local earthquake.

RESULTS

During the first six months of this research project, personnel have
completed a search and compilation of the geological and geophysical litera-
ture for the project area, and a review and evaluation of logs from all water
well and engineering borings available in the Helena Valley. Morning and
afternoon low-sun-angle photography at a scale of 1:12,000 has been completed
for the project area and comprises the mapping base. Eighty percent of the
field mapping, which emphasizes lithostratigraphy and the time history of
faulting, is complete.

The Helena Valley and surrounding foothills are underlain by siltite,
quartzite, and calcareous siltstone of the Precambrian Belt Supergroup;
fine-grained fluviatile (in part lacustrine?), arkosic silt, gravelly silt,
and volcaniclastic sandstone and conglomerate of late Tertiary age; and a
thin sequence of pediment gravel and moderately sorted, uncemented alluvial
plain deposits of middle Quaternary to Holocene age. The Tertiary and
Quaternary deposits lie within a fault-bounded structural and topographic
basin that first began to take its present form during the middle to late
Tertiary and has continued to form through vertical movement and down warping
to the present. The Helena Valley fault zone is a narrow, linear belt of
down-to-the-southwest faults that forms the northeast valley margin. This
zone, less than 100 meters wide and over 35 kilometers long, is marked by
very straight scarps of middle Quaternary to Holocene (?) age that range
in height from less than 1 meter up to 10 meters. The Prickly Pear fault
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zone, which forms the somewhat irregular southwest margin of the valley, is
a diffuse band of northwest-trending, down-to-the-northeast normal faults
approximately 2 kilometers wide and 20 to 30 kilometers long, that passes
beneath the city of Helena. Last movement on most of these fault traces
appears to be early to middle Quaternary, but at least one fault in the
Prickly Pear zone is of late Quaternary to early Holocene age.

The numerous fault traces mapped along the northeast, southwest, and
north-central flanks of the valley transect middle to late Quaternary pedi-
ment and alluvial plain deposits and are viewed as potentially active. No
historic movement has been observed on any of these faults, although several
occur in areas of present day microearthquake activity. The Quaternary
faults mapped as part of this project are associated with major basin
boundaries that have existed since at least Miocene(?) time, and as such
record continuing and generally consistent movement histories over approxi-
mately the last 20 million years.
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Ground Motion Prediction at Selected Strong Motion Sites
9940-01168

D. M. Boore/W. B. Joyner
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, mM/S 77
Menlo Park, CA 94025
(415) 323-8111, Exts. 2754/2698

Investigations

1. Site studies at strong motion stations in the Imperial Valley.

2. Analysis of shallow refraction profiles and downhole P and S velocity
surveys in the Chalome, Gilroy and Taft areas to provide information for
interpreting and modeling strong motion data.

3. Comparison of peak ground acceleration from recent earthquakes with
regression curves based on older data.

Results

1. Cone penetrometer surveys to depths of 50-150 feet have been completed
at 14 sites and 250 foot holes for velocity surveys have been completed at
seven sites with electric logs, gamma logs, and geologic logs.

2. A paper has been completed analyzing the effect of Quaternary alluvium
on ground motion in the Coyote Lake earthquake.

3. A paper is in press (BSSA, December 1980) in which the peak
accelerations from several recent earthquakes are compared to predictions
based on regression analysis of older data. The comparison is excellent in
distance ranges for which the regression analysis is relevant.

Publications

1. Joyner, W. and Boore, D. M., 1980, A stochastic source model for
synthetic strong-motion seismograms: Proceedings, 7th World
Conference on Earthquake Engineering, v. 1, p. 1-8.

2. Boore, D. M., 1980, On the attenuation of peak velocity: Proceedings,
7th World Conference on Earthquake Engineering, v. 2, p. 577-584.

3. Boore, D. M., 1980, Comments for the Panel on Strong Ground Motion:
Proceedings, 7th World Conference on Earthquake Engineering.
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4. Boore, D. M., 1980, Strong-motion recordings as accelerograms:
Proceedings, Research Conference on Earthquake Engineering,
Skopje, Yugoslavia, p. 81-95.

5. Boore, D. M., Joyner, W. B., Oliver, A. A. III, and Page, R. A., 1980,
Peak acceleration, velocity, and displacement from strong-motion
records: Bulletin of the Seismological Society of America, v. 70,
p. 305-321.

6. Hudson, J. and Boore, D. M., 1980, Comments on "Scattered surface waves
from a surface obstacle" by J. A. Hudson: Geophysical Journal of
the Royal Astronomical Society, v. 60, p. 123-127.

7. Savy, J. B., Shah, H. C., and Boore, D., 1980, Nonstationary risk model
with geophysical input: Journal of the Structural Division,
American Society of Civil Engineers, v. 106, p. 145-163.

Abstracts

1. Joyner, W. and Boore, D., 1980, The mean spectrum for a stochastic source
model: Earthquake Notes, v. 50, p. 18.

2. Boore, D., Harmsen, S., and Harding, S., 1980, Body-to surface-wave
scattering from a step change in surface topography: Earthquake
Notes, v. 50, p. 24.

3. Boore, D. and Porcella, R., 1980, Peak horizontal ground accelerations
from the 1979 Imperial Valley earthquake: comparison with data
from previous earthquakes: Earthquake Notes, v. 50, p. 39.

4. Boore, D., Fletcher, J., Sembera, E., and Archuleta, R., 1980, A
preliminary study of selected aftershocks of the 1979 Imperial
Valley, California earthquake from digital acceleration and
velocity recordings: Earthquake Notes, v. 50, p. 49.
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Global Aftershock Project (GAP)
Portable Arrays

9940-02689

David M. Boore
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(4175) 323-8111, Ext. 2698

Investigations

The Global Accelerograph Project had an excellent beginning. Prior to the
beginning of the fiscal year, a detailed plan was drafted within the
Branches of Ground Motion and Faulting and Seismic Engineering and
coordinated within the Office of Earthquake Studies. The plan was
introduced to State Department representatives of the Office of Cooperative
Science and Technology Programs at a special meeting. The plan was
favorably received and suggested changes incorporated into a final revision.

Results

The objective of the Global Accelerograph Project is to obtain critical
near-source ground motion data from large earthquakes and aftershocks.
Data would be obtained from permanent and temporary arrays in foreign
countries. The plan includes a comprehensive list of countries around the
world Tikely to experience earthquakes and aftershocks of the magnitude we
need for our research.

Following the State Department meeting work began on the selection of the
first countries to be approached for introduction of the project. Ten
countries were selected with consideration given to both technical and
political factors. The airgram was sent through the Office of Inter-
national Geology (0IG) for internal USGS coordination and through the State
Department to the 10 selected embassies around the world. The airgram
contained the project plan, introduced the project to the addressee
countries and requested their expression of interest in participation in
the progect. The airgram also included the names of physical scientists
and engineers who have served as USGS contacts in strong motion research
through the years. We suggested that the embassy use those names as
appropriate for a starting point to introduce the project into the
in-country political/scientific structure. Enthusiastic response to the
airgram was received informally at the Seventh World Conference on
Earthquake Engineering in Turkey in September, 1980.

In efforts related to but separate from this project, the principal
investigators, in cooperation with colleagues at Caltech and USC, prepared
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and submitted a proposal for the installation of strong motion instrumen-

tation in the Peoples Republic of China. This proposal has been funded by
the National Science Foundation, and progress is being made in instrument

selection and array design.

D. M. Boore, A. Lindh, and W. Joyner submitted a proposal to the strong
motion program of the California Division of Mines and Geology for the
installation of a dense network of accelerographs along the San Andreas
fault near Parkfield, California. This proposal was accepted and the above
named investigators are advising the state in the deployment of the array.
Some 40 new strong motion accelerographs+will be installed over a 3 to 4
year period, beginning in the spring of 1981.

Future Plans

Future plans call for following through with the release of the airgram,
initiating agreements with those countries who respond favorably and
initiating the procurement of instrumentation.
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Dynamic Soil Behavior
9550-01630

Albert T. F. Chen
Branch of Engineering Geology
U. S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111 ext. 2605

Investigations

1. Developed computer programs to study the effect of using different
nonlinear soil models on computed seismic response of soil deposits.

2. Developed computer programs to study the effect of modulus degradation of
soils on computed seismic response of soil deposits.

3. Continued laboratory investigation of one- and three-dimensional properties
of San Francisco bay mud.

Results

1. Results from three-dimensional cyclic testing of San Francisco bay mud
suggested that the principal stresses and principal strains are not
proportional. This may have serious implications on the application of the
classical theory of plasticity to soil mechanics problems and warrant further
examination of the current two- and three-dimensional formulations of dynamic
analysis.

2. Analyses of laboratory data from torsional testing of San Francisco bay mud
showed that, when the effects of shearing strain rate and number of cycles of
loading are taken into account, consistent results can be obtained between the
torsional simple shear and resonant column modes of testing.

3. Preliminary results from site response computations using different soil
models indicated that response values based on the Pyke model were least
conservative and the response values based on the Masing-Michigan model were
most conservative.

Reports

Chen, A. T. F., 1980, The torsional pendulum test for soils -- a theoretical
investigation: Report No. USGS-GD-80-003, NTIS No. PB80-154-115, 37
pages.

Isenhower, W. M., 1980, Torsional simple shear/resonsant column properties of
San Francisco bay mud: M.S. thesis, Department of Civil Engineering,
University of Texas, Austin, TX, 307 pages.

Strickland, J. A., 1980, Behavior of San Francisco bay mud under three-

dimensional cyclic loading: M.S. thesis, Department of Civil Engineering,
Upiversity of Colorado, Boulder, CO, 123 pages.
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Interpretation of Historical Earthquakes in Arizona
Susan M. DuBois, Marc L. Sbar and H. Wesley Peirce
University of Arizona

The Arizona Bureau of Geology and Mineral Technology is researching the
historical seismicity of Arizona in cooperation with the Department of
Geosciences, University of Arizona. Compilation of data from original sources,
such as newspapers, diaries, correspondence and contemporary manuscripts is
essentially complete. Accounts of the largest historical earthquake (mag. 7%
from moment) on May 3, 1887 in northern Sonora, have been analyzed and prepared
for publication. ©Nearly 200 earthquakes, exclusive of those events near Lake
Mead, Arizona (over 300), have been documented. Interpretation of data for
these earthquakes is in progress to revise former epicenter locations and
intensities or magnitudes which were based on less reliable information. An
epicenter map and earthquake catalog are in preparation.

Based on distribution of Quaternary faulting and seismicity, tentative
conclusions regarding the existence of at least four active seismic zones in
Arizona (Figure 1) have been drawn: 1) the SW corner of the state near Yuma,
where San Andreas fault system activity frequently affects Arizona communities;
2) the NW corner near Lake Mead, where reservoir-induced seismicity and possible
tectonic activity associated with Nevada structural trends exists; 3) diffuse
zone of epicenters in the NW quarter following the boundary between the Colorado
Plateau and Southern Basin and Range Province, tectonic causes unknown; and
4) the SE corner, including the 1887 epicentral vicinity in northern Sonora,
tectonic causes unknown. Possible connection of zones 3 and 4 from a seismic
risk standpoint must be considered further, by means of detailed geomorphic
and geophysical studies in both zones, as well as in the intervening zone of
low historical seismicity.
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Figure 1. Preliminary epicenter map and seismic zones of Arizona.

_~ Possible Quaternary faults - (from Howard and others, 1978 and
Bull, pers. comm.)

® Epicenters

) 204



H6

Strong Ground Motion Data Analysis
9940-02676

J. B. Fletcher
A. McGarr
T. C. Hanks
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Exts. 2881, 2708, 2184

Investigations

1. Five 3-component digital seismographs were deployed at the Monticello
Reservoir, S. C. in 1979 to determine source parameters and focal
mechanisms of reservoir-induced earthquakes for comparison with measure-
ments of in situ stress in the same area.

2. Ground motion data of earthquakes and mine tremors, measured from
accelerograms recorded at small hypocentral distances, were analyzed in
terms of several models of faulting to determine the effects of factors
such as seismic moment, stress drop, instrument bandwidth and source
inhomogeneity.

3. A comprehensive and flexible computer software package is being
developed for processing and analyzing accelerograms of earthquakes
recorded at multiple stations within the near-epicentral region. The
output includes estimates of source properties such as moment, static
stress drop, rupture velocity, source complexity, and dynamic stress drop.

4, Limitations on the class of permissable earthquake source models have
been investigated by analyzing contrasts between the compressional and
shear waveforms in both the frequency and time domains.

Results

1. Source parameters were determined for 10 events in the vicinity of the
Monticello Reservoir and the stress drops for these shocks, ranging in
depth from 0.5 to 1.4 km, were compared to in situ stresses measured by
Zoback using the hydrofrac technique over a similar depth range. Nine of
the events which had seismic moments ranging from 2 to 14 x 1018 dyne-cm
had stress drops of the order of 1 bar, which is only a small fraction of
the in situ stresses of 20 to 40 bars. The large event with a seismic
moment of 7 x 1020 had a stress drop of approximately 17 bars, which is
comparable to the in situ shear-stress level. Interestingly, the in situ
data indicate that the state of stress varies with depth from a thrust-
fault regime at the shallowest levels to a strike-slip or normal-fault
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regime at depths below several hundred meters, whereas the earthquake focal
mechanisms are all of the thrust-fault type.

2. Measurements of peak ground velocity, v and acceleration a for
earthquakes and mine tremors, with local magnitudes ranging from -0.8 to
6.4 were analyzed in terms of a model of inhomogeneous faulting. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>